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 1. SUMMARY
On April 15, 1972 the Governments of Canada and the United States
requested the International Joint Commission to determine the extent and
causes of pollution in Lakes Superior and Huron, identify practicable remedial
measures, and recommend measures to prevent further degradation. These
questions have been addressed and reported upon by the Commission's Upper
Lakes Reference Group, and a series of public hearings on the Reference
Group's findings have been held. The Commission's findings and recommenda—
tions are set out in this report.
The Commission finds that the overall water quality of the Upper Lakes is
excellent, but there are many sources of pollution which should be reduced or
eliminated if the existing high quality is to be maintained. The Commission
also finds that transboundary pollution occurs in the St. Marys River as a
result of the discharge of phenolic substances by the Algoma Steel Corporation
and by the City of Sault Ste. Marie, Ontario.
Water use problems occur in several areas, particularly in Saginaw Bay on
Lake Huron and Duluth-Superior Harbor on Lake Superior, as a result of inputs
of nutrients, primarily phosphorus, and of organic substances. The nutrient
inputs to Saginaw Bay are also degrading the open waters of southern Lake
Huron. Bacteriological water quality degradation was found in many localized
nearshore areas, with violations of the Great Lakes Water Quality Agreement
objectives occurring at several locations. Violations of the Ontario criterion
for radium in drinking water supplies continue to occur at Serpent Harbour on
the North Channel. Water quality in the western arm of Lake Superior is
adversely affected by asbestos inputs from Reserve Mining Company.
In the St. Marys River, the sediments are contaminated with phenolic sub-
stances, oil, cyanide, iron, and zinc, and the waters are contaminated with
phenolic substances and cyanide, discharged from Algoma Steel Corp. Sedi-
ments, water, and fish in many other nearshore areas of both lakes also
exhibit unacceptably high concentrations of heavy metals and toxic organic
substances as a result of their discharge, both intentionally and inadvert-
antly, into the environment. Because of the nature of the use of some of
these substances, it is difficult to prevent their unintentional escape.
Further, because toxic organic substances are present in atmospheric and land
runoff inputs as well as point source inputs, they also constitute whole-lake
problems.
The Commission recommends that Governments implement regulatory and
remedial measures to eliminate these problems and to restore water quality.
The Commission also recommends those surveillance, monitoring, and research
activities which are necessary to assure restoration and maintenance of water
quality.
Notwithstanding these instances of pollution, the overall water quality of
the main bodies of the Upper Lakes is much better than both the Agreement
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 Lakes water quaiity degradation be addressed by the Governments on a scaTe
broad enough to permit tracing of significant sources of these inputs to the
Takes, especiaTTy as many of the sources may be Tocated outside of the Basin.
The study has aTso shown that, if the goals of nondegradation and restora-
tion are to be met, society must deveTop new and innovative technoTogies.
These must eventuaTTy incTude resource conservation methods as weTT as new
treatment processes. The Commission perceives the roTe of the Governments to
he one of encouraging and coordinating deveTopment and impiementation of these
measures and of providing incentives toward this end. There are many initia-
tives avaiiabie to Governments which they must empioy if the objectives of the
Great Lakes Water Quaiity Agreement are to be met and nondegradation achieved.
 

2. INTRODUCTION
HISTORICAL PERSPECTIVE
The Great Lakes represents the Targest singIe system of fresh water in the
woer, amounting to approximateiy one quarter of the woer suppTy of fresh
surface water. Because of this vast suppTy and its avaiIabiTity as a unique
transportation system, the Great Lakes provided a gathering point for a sig—
nificant segment of the economies of both Canada and the United States. How-
ever, with man's continued encroachment and settTement in the Great Lakes
Basin came increased use and eventuaI degradation of these waters from their
originaI conditions.
As a resuit of the concerns about boundary waters, the Governments of the
United States and Canada signed the Boundary Waters Treaty in 1909, under
which the InternationaI Joint Commission was estabTished. An essentiai
provision of the Treaty is that neither country shaIT poTIute the water to the
injury of heaIth or property of the other. One of the first references to the
Commission under the Treaty came in 1912 and was prompted by the prevaTence of
typhoid fever arising from contaminated drinking water. The Commission report-
ed in 1918 that "the situation aTong the frontier . . . is generaITy chaotic,
everywhere periTous and in some cases disgracefui and very intense aiong the
shores of the Detroit and Niagara Rivers." Sewage from cities and industries
was found to be the major cause of poTIution, with waste treatment the appro—
priate remedy.
The report recommended that the Governments " . . . confer
upon the Internationai Joint Commission mnpie jurisdiction to reguIate and
prohibit this poiTution of boundary waters." The introduction of chTorination
of drinking water, however, eTiminated the threat of typhoid fever and post—
poned investment in waste treatment faciiities. No action was therefore taken
to implement the Commission's recommendations.
In 1946, the Commission was requested to enquire into the poITution
probiems of the connecting channeTs of the Great Lakes (the St. Marys, St.
CIair, Detroit, and Niagara Rivers). In its 1950 report, the Commission
recommended specific water quaTity objectives designed to restore and maintain
these waters. These objectives were subsequentiy adopted in both countries
and became an integraT part of their poTTution abatement programs. Construc-
tion of new and expanded waste treatment faciTities improved the situation,
but the addition of waste treatment faciiities was Tate in coming and did not
keep pace with the rapid popuIation growth and industriaI expansion.
Recognizing that water quaIity in the Great Lakes was continuing to
deteriorate, the Governments in 1964 requested the Commission to investigate
the condition of the Lower Lakes; report the extent, causes, and Tocaiities of
poiiution; and recomnend remediaT measures. In its 1970 report, the Commis-
sion recommended water quaiity objectives for Lake Ontario, Lake Erie, the
internationaI section of the St. Lawrence River, and their connecting chan-
neTs. The report further urged that the Governments enter into agreement on
programs and measures to achieve these objectives. Another recommendation
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The
Reference Group, in turn, organized a number of work groups to conduct the
 proposed studies, using the reference questions as a guide for developing a
detailed study plan. The membership of the Reference Group and its work
groups is given in Appendix B.
STUDY PLAN
The plan contained six study items:
Study Item I: Compile background information on the geological, hydro—
logical, and climatological characteristics of the Upper Lakes and their
basins; compile material on demographic and economic conditions and devel-
opments related to human activities; and consider the extent to which each
influences water quality.
Study Item II: Survey the open waters of the Upper Lakes. The Reference
Group sought information on both water quality conditions and lake proces-
ses which affect water quality and materials transport. The surveys were
designed to establish baseline or reference levels of the constituents
with which future water quality could be compared.
Study Item III: Investigate the sources and characteristics of the inputs
of materials which could adversely affect the water quality of the Upper
Lakes. This information was used to assess the need for remedial programs
to reduce or prevent pollution.
Study Item IV: Investigate human, geographic, and water resource inter—
relationships, in order to better understand the influence of population,
economic activities, technology, sociology, and policy legislation, and
changes in these, on the water quality of the Upper Lakes.
Study Item V: Identify and describe pollution or degradation of nearshore
waters, harbours, and embayments.
Study Item VI: Evaluate the data collected in the open water and sediment
surveys. With a better understanding of present open water conditions and
materials transport processes, the Reference Group could develop total-
lake management alternatives.
COST AND TIME
Conduct of the study required 3% years of concerted effort and the
involvement of well over 200 persons from the scientific and academic com-
munities. The total cost of the study was approximately 14 million dollars.
The Reference Group presented Volume I of its report, Summary and Recommenda—
tions, to the Commission in July 1976. However, completion of the detailed
reports on Lake Huron (Volume II) and Lake Superior (Volume III) required more
than another year.
The Commission deferred completion of its report to Governments on the
Upper Lakes study in order to present the Reference Group's findings and the
Commission's recommendations to Governments in light of the findings and the
recommendations of the companion study conducted by the Pollution from Land
Use Activities Reference Group, which presented its report to the Commission
in July 1978; and in consideration of the revised Great Lakes Water Quality
Agreement, signed on November 22, 1978.

 3. CHARACTERISTICS OF THE UPPER LAKES AND ITS BASIN
The major contributions of the Reference Group were to characterize the
waters of the Upper Lakes and to describe man's impacts on these waters. Their
study also provided new insights into the dynamics and the factors affecting
the Lake Huron and Lake Superior systems. Exemplifying these insights are the
accumulation and magnification of contaminants in the aquatic life of the
lakes, the complexity of lake circulation patterns and materials dispersion,
and the importance of atmospheric inputs. The study provides a reference point
against which the effects of future population growth and technological devel-
opment can be measured. The detailed descriptions of the social and economic,
physical, and limnological characteristics of the Upper Lakes are given in the
three-volume report of the Reference Group. The major findings are presented
in this chapter.
DEMOGRAPHIC CHARACTERISTICS
The population of the Lake Superior and the Lake Huron Basins numbered
2,800,000 in 1970 and is projected to increase to 4,300,000 by the year 2020.
Almost the entire increase will occur in the Lake Huron Basin.
Most of the population of the Lake Superior Basin, which totalled 686,000
in 1970, is concentrated around the western end of the lake in and around the
cities of Duluth, Minnesota and Superior, Wisconsin (combined 1970 population
of about 140,000), and in Thunder Bay, Ontario (1971 population of about
112,000). The present basin population is expected to increase only marginal-
ly, reaching 712,000 by 2020.
The 1970 Lake Huron Basin population of 2,200,000 is projected to increase
by about 64% to 3,600,000 by 2020 and will be evenly divided between Canada
and the United States. Major population concentrations in the United States
are in the Saginaw River Basin, including the cities of Flint, Bay City, and
Saginaw; and on the Canadian side in the Sudbury area. The three U.S. cities
contain more than two-thirds of the population on the U.S. side of the basin;
Sudbury comprises about one—sixth of the Canadian total.
Major economic activities in the Lake Superior Basin relate to wood, pulp,
and paper production; mineral extraction (iron, copper, and nickel); and
recreation (hunting, fishing, and skiing).
The major economic activities of the Lake Huron Basin relate to agri-
culture, mineral extraction and refining, and the production of consumer and
durable goods. Recreation is also economically hnportant. Since World War
II, the eastern Georgian Bay area has rapidly evolved as the "cottage country"
of Ontario. Here the transient summer population exceeds the permanent popu-
lation.
Forests cover more than 90% of the Lake Superior Basin and the northern
part of the Lake Huron Basin. Crop and pasture land account for about two-
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The major industrial water uses in the Lake Superior and the Lake Huron
Basins include pulp and paper, mining, manufacturing, and thermal electric
powe
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factors, including technological improvements in processes and the application
of closed systems, could decrease water use considerably.
PHYSICAL LIMNOLOGY
The major basin characteristics of the Upper Lakes are summarized in Table
An understanding of the physical properties of the Upper Lakes is essen—
tial in determining the movement, residence time, rate of dispersion, and fate
of materials discharged into the lakes, and therefore the impact of these
materials on water quality. For example, because both Lakes Superior and Huron
have long residence and flushing times but relatively short mixing times (3
years for Lake Superior), the input of persistent materials, such as PCB's,
rapidly results in a long-term whole-lake problem.
The principal components of physical limnology are the water budget,
thermal regime, and circulation.
WATER BUDGET
The sources of water to a lake and the time that the water remains in the
lake are major factors in determining the impact on and the fate of materials
discharged into it. Land drainage and direct precipitation into the lake make
up all of the inputs to Lake Superior and about 45% of the inputs to Lake
Huron, Gecrgian Bay, and the North Channel. Flows through the St. Marys River
and the Straits of Mackinac comprise the remaining inputs to Lake Huron.
The net flow of water through the Straits of Mackinac is from Lake Michi-
gan to Lake Huron. However, the exchange of water between the two lakes
oscillates and is extremely complex, with the total volume transported in
either direction being up to 40 times the net flow. In the exchange between
Georgian Bay and Lake Huron, surface water is usually directed towards
Georgian Bay and the deeper hypolimnion water to Lake Huron; seiches and long
surface waves accelerate mixing between the water bodies and result in
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 TABLE 1
WATER WITHDRAWALS FROM THE UPPER LAKES
(cubic metres per day)
MUNICIPAL INDUSTRIALb
LAKE 1970 2020 1976
SUPERIOR
Canada 72,000 84,000 1,440,000
United States 91,000 218,000 4,620,000
HURON
Canada 232,000 340,000 3,668,000
United States 254,000a 1,090,000a 5,140,000
     
a. Excludes a Detroit water supply intake located in Lake Huron and
which has the capability to withdraw up to 1,510,000 m3/d. The
present Detroit withdrawal is about 5% of capacity and will not be
increased significantly in the near future.
b. The magnitude of future industrial withdrawals will depend in part
upon technological change and application of closed systems.
Projected withdrawals are therefore not presented here.
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TABLE 3
CHARACTERISTICS OF THE UPPER LAKES
      
LAKE LAKE HURON GEORGIAN NORTH
SUPERIOR (TOTAL) BAY CHANNEL
Lake Surface Area, km2 82,103 59,570 15,108 3,950
VoTume, km3 11,920 3,539 660 88
Drainage Basin Land Area, km2 127,687 131,313 45,893 34,250
ETevation, m 183 176 176 176
Mean Depth, m 145 59 44 22
Maximum Depth, m 406 229 165 84
TABLE A
RESIDENCE AND FLUSHING TIMESa
 
RESIDENCE TIME FLUSHING TIME
LAKE (YEARS) (YEARS)
Lake Huron (WhoTe Lake) 14 17
Lake Huron (Main Body 9 14
Georgian Bay 8
North ChanneT 2
Lake Superior 7 113 177
   
a. Based on gross f10ws through the connecting channeTS.
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 flushing and residence times shorter than would be indicated by net flows.
The exchange of water in both directions through the Straits of Mackinac and
in the channel between Lake Huron and Georgian Bay also results in the
exchange of constituents in both directions.
The residence time of water in a lake is the volume of the lake divided by
total inputs; the flushing time is the volume divided by the outflow. Values
for the Upper Lakes are summariZed in Table 4. The longer the residence and
the flushing times, the longer the time required for a lake to recover from
the input of a contaminant. If the annual rate of input of a persistent non—
degradable material is greater than its rate of removal, that material will
accumulate in the lake. For example, the 177—year flushing time for Lake
Superior means that only about 0.56% of a nondegrading, nonsettleable, non—
evaporating contaminant is removed each year through the St. Marys River. It
is calculated that about 500 years is required for 95% recovery from the
loading.
THERMAL REGIME
The thermal regime is important when considering the extent of dispersion
of materials discharged to the lakes. The cyclic annual variation in the
distribution of water temperature and density, temperature and heat transfer,
thermal bars, upwellings and sinkings, and density currents all affect the
dispersion and mixing of materials.
Vertical mixing in the offshore waters is limited mainly to the spring and
fall overturns. At other times the development of a horizontal temperature
gradient or thermocline effectively stratifies the water and inhibits vertical
mixing between the epilimnion (top layer of water) and the hypolimnion (bottom
layer .
Heat
tran
sfer
affe
cts
curr
ent
spee
ds
and
thus
the
rate
of
disp
ersi
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of
mater
ials.
Epili
mnion
curre
nt s
peeds
incre
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more
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because heat and momentum transport are inhibited by the thermocline.
Thermal bars, which generally occur in the spring and early summer,
sepa
rate
warm
er
near
shor
e w
ater
from
the
cool
er
and
dens
er
offs
hore
wate
r.
Thus, a thermal bar tends to confine materials entering a nearshore area and
temporarily intensifies water quality degradation in the embayment.
An upwelling occurs when surface water is moved away by wind-induced
currents, permitting cold hypolimnion water to move to the surface. Up-
wellings are common along windward shores, particularly along the northwest
shore of Lake Superior. Hypolimnion water is usually richer in nutrients than
the displaced surface water and therefore alters the temperature and chemical
characteristics of the water of the coastal zones in a complex manner.
CIRCULATION
Although water circulation is caused primarily by wind and by differences
in the density of the water, other contributing factors include currents from
tributary inputs, inflow through major channels, precipitation, waves,
variations in atmospheric pressure, upwellings and sinkings, and spring and
fall overturns.
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Chapter 5).
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 LAKE SUPERIOR
The chemistry of Lake Superior is dominated by natural inputs. The present
low concentration of nutrients both in the open and the nearshore waters con-
firms
the highly
oligotrophic
nature
of the
lake.
Several
localized
areas
of
nutrient enrichment,
as a result of municipal and industrial discharges,
are
identified and discussed in Chapter 5.
Lake
Superior
is
almost
homogeneous
with
respect
to
major
ions;
concen-
trations
are essentially unchanged since the first measurements were made in
1885.
Both
the
open
and the
nearshore
waters
are
devoid
of
harmful
concen—
trations of nickel,
lead, manganese, cadmium, chromium,
iron, and zinc;
only
iron and manganese are significantly higher in the western arm of the lake.
No traces of any of 15 organophosphorus pesticides sought were found in
the Lake Superior water column within the quantification capabilities of the
analytical procedures. Similarly, no organochlorine pesticides of the 17
sought and no PCB's were found.
A number of organics, including phenols, are
present,
however,
in waters adjacent to municipal
and industrial
discharges
(see Chapter 5).
BACTERIOLOGY
Because total coliform and fecal coliform bacteria counts are not suffi-
ciently sensitive to cover all circumstances and all waters, fecal strepto—
cocci and heterotrophic bacteria analyses were also used to better charac-
terize the bacteriological water quality of the Upper Lakes. Results of
analyses of the open waters of the Upper Lakes indicate not only no pollution,
but also in many cases the concentrations of the indicator species of bacteria
are less than the analytical limit of detectability.
Several inshore areas exhibit bacteriological water quality pollution or
degradation. These are detailed in Chapter 5.
AQUATIC BIOLOGY
The biological community, composed of phytoplankton, zooplankton, benthic
flora and fauna, and macrophytes, reacts measurably to subtle changes in water
quality, thereby producing an assessment of water quality which is based upon
the abundance and the diversity of biological species. The nature of the
biological community also, in part, determines the health of the fishery.
The phytoplankton composition in the open waters of Lake Huron proper is
similar to what might be expected in a large oligotrophic system in the early
state of stress. Zooplankton and benthic flora and fauna also indicate
oligotrophic conditions. However, some nearshore areas, particularly Saginaw
Bay, are stressed and have a heavily impacted biota with blue-green algae
predominating. Observed values of chlorophyll a, an indicator of the total
amount of algae present in a body of water, were highest in Lake Huron north
and south of Saginaw Bay.
Phytoplankton, zooplankton, and benthic populations in the open waters of
Georgian Bay indicate oligotrophic conditions. Nearshore waters are also
characterized by oligotrophic plankton types except in local areas such as
Midland Bay and Penetang Bay where conditions are well into the mesotrophic
range.
The North Channel biological communities are similar to those in the
open waters of Lake Huron.
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 those levels at which adverse effects have been conclusively determined,
scientific assessment to determine adverse effects at low levels is ongoing.
Thus, the presently established levels of safety, as reflected in the Water
Quality Agreement objectives, should be continually reviewed.
Point sources to account for the observed concentrations cannot be identi—
fied because of mixing and dispersal mechanisms within the lakes. In addition,
nonpoint inputs (atmosphere and land runoff) are significant contributors to
the total input to the Upper Lakes. However, some probable point sources for
some specific contaminants are discussed in Chapter 5.
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 4.
WORKSHOPS
AND
PUBLIC
HEARINGS
Upon receipt of the reference to characterize the Upper Lakes and identify
pollution and degradation problems, the Commission held five initial hearings
in 1972 and 1973 in order to invite the public to present its views prior to
the start of the field investigations by the Reference Group.
Following completion of the study, the Reference Group presented its
findings and recommendations to the Commission at its 1976 Annual Meeting on
the Great Lakes Water Quality Agreement, held in Windsor, Ontario.
In order
to bring the findings of the study clearly to the attention of the public and
to receive a more critical assessment of this material, the Commission then
held six public education and information workshops before holding its final
hearings.
It entered into a contract with a non—profit United States-Canadian
public
awareness
and participation
organization
to hold
three
workshops
in
each country to explain the contents of the Reference Group's report and its
recommendations and to inform the public about the Commission's hearing pro-
cess and how effective input to the hearings could be made. Public hearings on
the Reference Group's report were then held in 1977 at six locations in the
Basin.
All interested parties were invited to express their views and present
documentary evidence at the hearings.
The Commission also accepted written
submissions following the public hearings. Statements were made by elected
representatives,
private
individuals,
citizens'
groups,
business
and
indus—
trial
representatives,
and
officials
from
federal,
state,
provincial,
and
municipal
agencies.
The
names of those persons
who gave
testimony
at
the
hearings are listed in Appendix C.
Verbatim transcripts of all hearings and copies of all written statements
are available at the Commission offices in Ottawa and Washington, D.C., and at
the Commission's Regional Office in Windsor, Ontario.
The Commission has reviewed the testimony given at the public hearings and
all written submissions at or following the hearings.
INITIAL HEARINGS
The initial public hearings for the study of the Upper Lakes were held at
Thunder Bay, Ontario, December 5, 1972; Duluth, Minnesota, December 7, 1972;
Bay City, Michigan, January 8, 1973; Sault Ste. Marie, Ontario, January 22,
1973; and London, Ontario, January 24, 1973.
Some comments directed toward
the Upper Lakes study were also received at a hearing on Pollution from Land
Use Activities at Toronto, Ontario, January 25, 1973.
In general, witnesses were concerned with local pollution problems and the
effect of pollution on local water quality. Many witnesses were concerned
particularly with the discharge from the Reserve Mining Company. The tes—
timony presented to the Commission at the initial hearings is summarized below.
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s
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 and
to
assist
in
finding
solutions
to
problems.
Another
suggestion
was
that
the
Commission
should
concentrate
its
efforts
on
reducing
the
causes
of
pol-
lution
rather
than
remedying
the
effects.
Another
issue
that
received
much
comment
at
the
hearings
was
pollution
from
vessel
wastes.
It
was
generally
thought
that
stricter
controls
were
needed,
and
it
was
suggested
that
the
problem
might
be
controlled
by
the
use
of
wastewater
holding
tanks
on
all
vessels.
Several
municipal
officials
identified
vessel
wastes
as
a
pollution
problem
and
stated
their
desire
for
stricter
regulations.
One
stated
that
Lake
Superior
might
be
designated
a
no-discharge zone.
Several
witnesses
were
concerned
with
the
potential
effects
of
nuclear
power
plants
on
the
Upper
Lakes
and
specifically
noted
the
problem
of
thermal
pollution.
It
was
stated
that
power
plants
should
not
be
built
on
the
lakes,
and proposed
plants
should be
relocated.
It was
suggested
that more
research
be
done
into
the
effects
of
thermal
pollution.
One
witness
hoped
that
the
Commission
would
recommend
cooling
standards
for
waste
heat
discharges
from
thermal generating plants.
The
Commission
was
told
that
more
public
information
was
necessary
and
that
a
government
education
program
would
help
in
promoting
individual
aware—
ness.
It
was
believed
that
local
awareness
of
pollution
problems
was
not
as
great as it should be.
FINAL HEARINGS
The
final
round
of
public
hearings
was
held
at Superior,
Wisconsin,
June
20
and
21,
1977;
Thunder
Bay,
Ontario,
June
22,
1977;
Houghton,
Michigan,
June
23, 1977; Sault Ste. Marie, Ontario, July 12, 1977; Collingwood, Ontario, July
13, 1977; and Saginaw, Michigan, July 14, 1977.
Most of the witnesses who testified told the Commission that the Reference
Group had carried out an excellent study and that they agreed With the maJo-
rity of the Group's recommendations.
Several witnesses made comments concerning the methodology of the Ref-
erence Group's study.
It was stated that there were insufficient data, as
there were no baseline values for water quality. One witness questioned the
analytical techniques used
for measuring contaminants in fish.
There was
concern expressed that not enough was presently known about the effects of
asbestos fibres. It was also stated that more work needed to be done regard-
ing the atmospheric input of metals into the lakes.
It was noted that stan-
dardization was required for definitions regarding asbestos, for sampling
methods, and for determining parameters for water quality objectives. One
witness was concerned because the effect of air pollutants on water quality
had not been emphasized, and that air standards should also be developed to
protect water quality.
Regarding the general approach of the study and potential recommendations,
several witnesses expressed the opinion that a macroenvironmental perspective
was needed, and that a basin-wide, or overall ecosystem approach should be
used.
One governmental witness expressed the belief that there should be
harmonious
use
of fisheries
resources
with
aquatic and terrestrial
ecosys-
tems. Another witness stated that the Reference Group's recommendations
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should reflect a greater degree of political reality. Another stated that
financial cost estimates should be associated with the recommendations. There
were several comments to the effect that there should be a continuing evalu-
ation of objectives and an ongoing review of standards and of governmental
action.
There were many comments regarding potential water quality standards. It
was stated that standards for Lake Superior should consider the effects on
future industry. Concern was expressed by a municipal official that controls
considered appropriate for large urban and industrial centres could affect the
alternatives for growth and development of smaller centres. Comments by indus-
try representatives were that standards should be flexible but still maintain
the integrity of the natural resources, and that reasonable control technology
might be taken into account, as opposed to zero discharge.
In general, it was
felt that controls and standards should be implemented in a flexible system.
Many witnesses stated their support for a policy of nondegradation in
order to maintain the present high quality of the waters of the Upper Lakes.
One witness was not completely supportive of nondegradation since he believed
there was a lack of evidence to indicate the implications of the current
levels of discharge into the Upper Lakes. A representative of industry was
opposed to a nondegradation policy, as he believed such a policy would inhibit
the attainment of other social and economic goals of equal priority.
One
witness criticized what he saw as a philosophy of trying to improve discharges
into the lakes rather than trying to eliminate them.
Another witness stated
that all dumping into the lakes should be eliminated.
Representatives of the soap and detergent industry expressed concern with
the
Reference
Group's
recommendation
regarding the
reduction
of phosphorus
inputs to the Upper Lakes by banning phosphorus from detergents.
They stated
that
implementation
of that recommendation
would not significantly
improve the
quality of the water
in the Upper Lakes
and would put hardships
on the public.
They
also
stated
that
the most
effective
means
of reducing
phosphorus
inputs
to
the
lakes
would
be
at
the
waste
treatment
plants.
Chemical
removal
of
phosphorus
at
these
plants
was
said
to
be
sufficient
at
present
to
meet
current standards.
A
large
number
of
environmental
associations
expressed
concern
over
the
atmospheric
inputs
of
toxic
materials
into the
Upper
Lakes.
Particular
con-
cern was
expressed
regarding
the
proposed
power generating plant
at Atikokan,
Ontario
and the
long-range transport of pollutants from Sudbury.
Representatives
of
the
shipping
industry
stated that
shipping
wastes
made
a very small
contribution to the total
input of waste
into the
lakes.
Personal
wastes
from
vessels
were
seen'
as
a minimal
contribution
to
the
whole
and
existing
regulations
were
thought
to
be
sufficient.
The
United
States
and
Canadian
regulations for shipping wastes,
while not
identical,
were
said to be
compatible because
they achieved the same goal.
Other witnesses
were concerned
about
winter
navigation
and
potential
oil
spills,
and
believed
that
there
should be more stringent requirements
regarding spills.
Regarding
nuclear wastes
and radioactivity,
it was
stated
that
the
assim—
ilative
capacity
of
Lake
Superior
for
radioactivity
should
be
identified
and
common
United
States/Canada
standards
for
radioactivity
should
be
established.
Several
witnesses
stated that
the
possibility of
using thermal
waste
heat for
municipal
heating
should
be
explored.
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A nu
mber
of r
epre
sent
ativ
es o
f en
viro
nmen
tal
grou
ps
expr
esse
d co
ncer
n th
at
the
exi
sti
ng
leg
isl
ati
on
con
cer
nin
g t
he
env
iro
nme
nt
was
not
bei
ng
enf
orc
ed.
It
was
sta
ted
tha
t i
ndu
str
ies
sho
uld
be
fin
ed
for
lack
of
com
pli
anc
e,
and
tha
t
the "polluter should pay" for clean-ups.
Seve
ral
comm
ents
were
made
at
the
hear
ings
rega
rdin
g t
he
desi
re
for
a
grea
ter
amou
nt
of
publ
ic
info
rmat
ion
and
publ
ic
educ
atio
n.
Appr
ecia
tion
was
exp
res
sed
for
the
eff
ort
s o
f t
he
Com
mis
sio
n f
or
gre
ate
r p
ubl
ic
par
tic
ipa
tio
n
thro
ugh
the
pre-
hear
ing
work
shop
s.
It w
as
stat
ed t
hat
publ
ic e
duca
tion
shou
ld
go hand-in—hand with any new environmental legislation.
The
issu
e o
f er
osio
n w
as d
iscu
ssed
by s
ever
al
witn
esse
s.
It w
as
beli
eved
tha
t
car
efu
l
sho
rel
ine
dev
elo
pme
nt
ahd
con
tro
l
of
dre
dgi
ng
wou
ld
les
sen
ero
sio
n.
Som
e w
itn
ess
es
sta
ted
tha
t m
ore
car
efu
l
reg
ula
tio
n
of
lake
lev
els
would also be beneficial.
 
Oth
er
wit
nes
ses
sta
ted
tha
t t
he
hig
hes
t p
rio
rit
y s
hou
ld
be
giv
en
to
the
pot
ent
ial
eff
ect
s
on
hum
an
hea
lth
of
con
sti
tue
nts
fou
nd
in
the
wat
er;
the
re—
fore
, t
he
best
trea
tmen
t s
houl
d be
appl
ied
to w
aste
wate
r i
n or
der
to e
nsur
e a
saf
e w
ate
r s
upp
ly.
Com
men
t w
as
als
o r
ece
ive
d r
ega
rdi
ng
the
nee
d f
or
a g
rea
ter
emp
has
is
on
rec
ycl
ing
and
rec
ove
ry
of
was
te
mat
eri
als
rat
her
tha
n o
n w
ate
r,
land
,
or
air
dis
pos
al.
One
ind
ust
ria
l r
epr
ese
nta
tiv
e s
tat
ed
tha
t t
he
rec
om—
men
dat
ion
reg
ard
ing
dis
cha
rge
of
met
als
, i
f i
mpl
eme
nte
d,
wou
ld
put
his
cop
per
company out of business.
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 5. STATUS OF THE UPPER LAKES
For purposes of this study, the Reference Group classified water as
nondegraded, degraded, or polluted. Nondegraded water is defined as high
quality water which shows no significant change as a result of human activity.
Degraded water shows the effects of human activity that may result in occa—
sional violations of water use objectives, which are designed to protect the
most sensitive water use. Polluted water shows frequent or severe violations
of water quality for which remedial programs are required.
Pollution or degradation occurs when a water body is unable to assimilate
the material discharged to it without adverse changes in water quality. The
ability to assimilate a discharged waste material without an adverse effect
depends on three factors: the quantity and the persistence of the material
discharged and the physical characteristics of the receiving water body. Per—
sistence refers to the ability of a substance to resist breaking down into an
innocuous form.
Harbours and embayments comprise only a small fraction of the total volume
of a lake, but impairment most often occurs there because these are the
receiving waters for most point source discharges. Further, the geography and
the bathymetry of each harbour or embayment result in a restriction in the
exchange of the receiving water with water from the adjacent portion of the
lake. This allows a pollutant discharged into a harbour or embayment to build
up and impact that area. Water exchange patterns and therefore pollutant
dispersal are unique to each geographic area; they are also complex and not
well understood.
In some cases the quantity and/or the persistence of the material dis-
charged also results in measurable pollution or degradation effects in the
water, sediment, or fish in the adjacent nearshore zone outside the harbour or
embayment. In extreme cases, measurable degradation from point sources can be
detected in the open water of the lake itself. Thus, what is discharged must
be considered not only for its impact on the immediate receiving water but
also for its potential for contributing to impairment in the open lake.
The water quality of the Upper Lakes was evaluated by the Upper Lakes
Reference Group with regard to twelve factors: nutrient enrichment (phos-
phorus), microbiology, metals, organic contaminants, solids, asbestos, spills,
lake level regulation, dredging, vessel wastes, thermal inputs, and radio—
activity. This chapter details the Reference Group's findings.
As found by the Reference Group, the Commission finds that several loc-
alized areas of the Upper Lakes have been adversely impacted by one or more of
the twelve abovementioned factors, indicating that their local assimilative
capacity has been exceeded. For most discharged materials, effects have
generally not been detected beyond the immediate receiving waters. Moreover,
in most cases, these factors do not appear to have caused any injury to the
health or property of the other country. They do, however, adversely affect
water quality and can also limit the ability of the Upper Lakes to handle
future inputs.
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 Three factors were identified as also being potential whole—lake concerns:
nutrient enrichment from phosphorus loadings, persistent synthetic organic
contaminants, and metals.
The adverse effects of these factors can include
limitations on human consumption of water and fish, as well as possible loss
0f fisheries
and recreational
opportunities
and the capacity for future
growth.
With respect to two of these three factors - toxics and metals - the
assimilative capacity of the entire lake has been or may soon be exceeded.
In
these circumstances, the Commission believes that continued
inputs
of these
substances on either
side of the border will
likely adversely affect health
and property on the other side of the border.
Findings
regarding
pollution
and
degradation
from
the
twelve
factors
identified above
are first
detailed for
specific
affected
local
geographic
areas of the Upper Lakes; these areas are identified on Figures 4 and 5 for
Lake Superior and Lake Huron, respectively.
Transboundary impacts
are noted
where
relevant.
This
chapter
then
considers
whole—lake
aspects
of
nutrient
enrichment,
organic contaminants
(toxics),
and metals.
Lastly,
because
the
atmosphere is a major recognized pathway for materials input, the effects of
airborne pollution on water quality are discussed.
lleATER QUALITY FINDINGS FOR SPECIFIC GEOGRAPHIC AREAS
The Reference
Group
identified numerous
areas
of reported
pollution
or
degradation caused by discharges from municipalities and industries and/or by
nonpoint
inputs.
These
areas
and the
point
source
dischargers
into them
are
listed
in
Tables
5
and
6
for
Lake
Superior
and
Lake
Huron,
respectively.
Major causes of pollution
are discussed in detail
in this section.
Table 7
provides
a
list
of
localized
phosphorus
concentrations,
while
Table
8 shows
EhE
Reference
Group's
present
and
projected
phosphorus
loadings
to
the
Upper
a es.
LAKE SUPERIOR BASIN
THUNDER BAY
The
inner
harbour
and
the
adjacent
section
of
the
outer
harbour
of Thunder
Bay
are
contaminated
by
local
industrial
and
municipal
wastewater
discharges.
The
most
seriously
affected
area
is
the
lower
Kaministikwia
River
and
the
area
around
its
mouth.
Remedial
programs
have
been
implemented
to
alleviate
some
of
the
identified
concerns;
however,
future
growth
will
increase
the
stresses
on Thunder Bay.
The
total
phosphorus
concentration
in
Thunder
Bay
(Table
7)
increased
considerably
between
1970
and
1974,
but
it
was
not
possible,
on
the
basis
of
the
limited
phytoplankton
production
data
available,
to
draw
specific
conclu-
sions
on
the
significance
of
the
higher
phosphorus
level.
The
dissolved
oxygen
concentration
has
remained
high,
indicating
no
shift
toward
eutro-
phication.
The
factors
controlling
the
trophic
state
in
Thunder
Bay
are
not
known;
the
relatively
low
water
temperature
may
be
important
in
preventing
adverse effects.
Because
there
has
been
no
change
observed
in
the
trophic
state
of
Thunder
Bay,
no
nutrient
removal
from
municipal
wastewaters
(which
account
for
20%
of
the
phosphorus
input)
or
from
industrial
wastewaters
(which
account
for
25%
of
the
input)
is
planned.
With
the
predicted
growth
of
the
City
of
Thunder
Bay,
increased
nutrient
input
is
expected
to
occur.
This
could
provide
a
critical
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 TABLE 5
POINT—SOURCE DISCHARGERS
To OBSERVED POLLUTED OR DEGRADED AREAS
OF LAKE SUPERIOR
RECEIVING WATER
OR LOCATION
POINT SOURCE DISCHARGER
  
Thunder Bay
DuTuth-Superior Harbor
Western Arm of
Lake Superior
Ontario North Shore —
Jackfish Bay
Nipigon Bay
PeninsuTa Harbour
South Shore —
Ontonagon
Marquette
Munising
 
Abitibi Paper Co. (3 miTTs-Thunder Bay, Fort
WiTTiam, and ProvinciaT)
Canada MaTting Ltd.
Great Lakes Paper Co.
IndustriaT Grain Products Ltd.
Northern Wood Preservers Ltd.
Thunder Bay Sewage Treatment PTanta
U.S. SteeT Corp. (DuTuth)
Superior Fiber Products Inc. (Superior)
Superior Sewage Treatment PTant
Western Lake Superior Sanitary District Sewage
Treatment PTantb
Reserve Mining Co. (SiTver Bay)
KimberTy CTark of Canada Ltd. (Terrace Bay)
Domtar Packaging Ltd. (Red Rock)
Nipigon Township Sewage Treatment PTant
Red Rock Township Sewage Treatment PTant
American Can of Canada Ltd. (Marathon)
Marathon Township Sewage Treatment PTant
Ontonagon Sewage Treatment PTant
Hoerner, WaTdorf Corp.
Marquette Sewage PTant
Munising Sewage Treatment PTant
KimberTy CTark Corp.
This sewage treatment pTant (STP) was compTeted in 1978 and repTaced the North
STP and the South STP.
The Western Lake Superior Sanitary District STP was compTeted in 1978 and wiTT
become fuTTy operationaT during 1979.
This new pTant repTaced the foTTowing
direct dischargers to DuTuth—Superior Harbor:
PotTatch Corp. (CToquet),
CToquet STP, Conwed Corp. (CToquet), ContinentaT OiT Co. (WrenshaTT), Fairmount
STP, Main DuTuth STP, ScanTon STP, Cathon STP, WrenshaTT STP, Jay Cooke State
Park and STP, Gary New DuTuth STP, and SmithviTTe STP.
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TABLE 6
POINT-SOURCE DISCHARGERS
To OBSERVED POLLUTED OR DEGRADED AREAS
OF LAKE HURON
RECEIVING WATER
OR LOCATION
POINT SOURCE DISCHARGER
 
St. Marys River
North Channel -
Serpent Harbour
Spanish River Mouth
Blind River
Sault Ste. Marie, Ontario Sewage Treatment Plant
Algoma Steel (Sault Ste. Marie, Ontario)
Abitibi Paper Co. (Sault Ste. Marie, Ontario)
Domtar Chemical (Sault Ste. Marie, Ontario)
 
Elliot Lake Sewage Treatment Plant
Rio Algom Mines (Elliot Lake)
Denison Mines (Elliot Lake)
Eddy Forest Products (Espanola)
Blind River Sewage Treatment Plant
Cottage Country Shoreline
of Georgian Bay —
Collingwood
Penetang—Midland Area
Parry Sound
Owen Sound
Tobermory
Collingwood Sewage Treatment Plant
Collingwood Shipyard
Port McNicoll Sewage Treatment Plant
Penetanguishene Sewage Treatment Plant
Midland Sewage Treatment Plant
Penetanguishene Mental Health Hospital
Parry Sound Sewage Treatment Plant
Owen Sound Sewage Treatment Plant
St. Edmunds—Tobermory Sewage Treatment Plant
Saginaw Bay, including
dischargers upstream in
the Saginaw River Basin
Alma Sewage Treatment Plant
Bay City Sewage Treatment Plant
Bridgeport Township Sewage Treatment Plant
Buena Vista Township Sewage Treatment Plant
Dow Chemical (Bay City)
Dow Chemical (Midland)
Flint Sewage Treatment Plant
Flushing Sewage Treatment Plant
General Motors Corp. (Bay City)
General Motors Corp., Buick (Flint)
General Motors Corp., Fisher Body (Flint)
General Motors Corp., Chevrolet (Flint)
General Motors Corp., Metal Castings Plant
Genessee County District #2 Sewage Treatment Plant
Genessee County District #3 Sewage Treatment Plant
Michigan Sugar Co. (Caro)
Michigan Sugar C0. (Carrolton)
Michigan Sugar Co. (Sebewaing)
Monitor Sugar Co. (Bay City)
Midland Sewage Treatment Plant
Mt. Pleasant Sewage Treatment Plant
Owosso Sewage Treatment Plant
Peet Packing Co. (Chesaning)
Saginaw Township Sewage District
Saginaw Sewage Treatment Plant
Total Leonard (Alma)
Velsicol Chemical Corp. (St. Louis)
Zilwaukee Sewage Treatment Plant
 
Main Lake Shoreline —
Tawas City
Lexington
Cheboygan
Alpena
Harbor Beach
Goderich
 
Tawas City Sewage Treatment Plant
Lexington Sewage Treatment Plant
Cheboygan Sewage Treatment Plant
Charmin Paper Co.
National Gypsum Co., Huron Cement Division
Alpena Sewage Treatment Plant
Ahitibi Corp.
Fletcher Paper Co.
Besser Co.
Hercules, Inc.
Goderich Sewage Treatment Plant
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TABLE 7
TOTAL PHOSPHORUS CONCENTRATIONS
IN THE UPPER LAKES
AVERAGE ANNUAL
 
WATER BODY CONCENTRATION
(pg/L)
I LAKE HURON
\ Main Lake 4.5
North Channel 4.5
Georgian Bay 4.7
Inner Saginaw Bay 58 (2-290)
Penetang-Midiand 20
Aipena 54
Harbor Beach 24
Goderich 3O
Tobermory 2-18
Owen Sound 16
C011ingwood 25
LAKE SUPERIOR
Open Waters 4.0
St. Louis Bay 100-200
Marquette 100
Thunder Bay 55
Munising 16
Jackfish Bay 4-70
Nipigon Bay _ 3-20
   
vr—ﬁ‘“
3
6
  
TABLE 8
(in tonnes per year)
PRESENT AND PROJECTED PHOSPHORUS LOADINGS
To
THE
UPPER
LAKES
LAKE
SUPERIOR
MAIN LAKE
HURONa
SAGINAW
BAY
GEOR
GIAN
BAY
NOR
TH
CHA
NNE
L
 
M & I Loadings
Direct M
Direct I
Indirect M & I
Tota1 M & I in 1974
Schedu1ed Reductionsb
Tota1 Lake Loadings
Before Schedu1ed Reductions
After Schedu1ed Reductions
Percent Tota1 Loading From M & I Sources
Before Schedu1ed Reductions
After Schedu1ed Reductions
Estimated Additiona1 Reductions If A11
Estimated Additiona1 Reduction If A11
Projected Loading in 2020
 
600
200
M & I Loadings After Schedu1ed Reductions 400
4140
39
40
1
4
%
10%
Other M Dischargers Achieved 1.0 mg/Lb’c 2%
M Dischargers Went From 1.0 to 0.5 mg/Lb,C <1%
4770
 
132
369
8
0
30
 
10
84
7
0
0
38
4
3720
3020
2
9
%
1
3
%
<
1
%
2
%
4230
7
0
67
94
7
1
0
60
 
800
6
0
0
200
1310
710
6
1
%
2
8
%
1
4
%
9
7
97
928
10%
3
%
100
4
%
1179
 
60
3
7
1
4
2
14
2
1221
12%
25
6
%
35
<
1
%
1700
 
60
1
4
6
8
7
5
1
0
 
a. Inc1uding Saginaw Bay
b. To be achieved without f1ow augmentation
c. Based in part on data presented in Appendix C to the 1977 Annua] Report of the Great Lakes Water
These estimated reductions are on1y approximate but of the correct order of
Qua1ity Board.
magnitude.
 stress on the Bay and could result in significant deterioration. Implement—
ation of appropriate municipal and industrial phosphorus control is indicated
to avoid potential future nutrient problems in the Bay. To this extent, under
the terms of the 1978 Water Quality Agreement, relating to local conditions,
the limit of a maximum phosphorus effluent concentration of 1 mg/L is applic-
able. Further, since Canada Malting Ltd. discharges via the municipal sewage
treatment plant, municipal phosphorus removal capability would also reduce the
industrial phosphorus input to Thunder Bay.
The Reference Group found that both municipal and industrial discharges
were contributing to bacteriological degradatiOn in and around Thunder Bay.
The recently completed municipal primary sewage treatment plant provides
treatment for essentially all municipal sewage discharges, including combined
sewer discharges. However, since industrial discharges also contain sanitary
wastes, bacterial degradation will continue until remedial measures are
implemented on these sources. ’
Although lake trout and sediment in Thunder Bay exhibit elevated mercury
levels, these appear to be the result of past dischargesL Elevated concentra-
tions of mercury occur in sediments in a zone extending from Thunder Bay to a
point southwest of the international boundary in the deeper waters of the
Duluth depositional basin; these deposits are the result of mining in the
Thunder Bay area around the turn of the century. A more recent source of
mercury was the chlor—alkali plant of Dow Chemical Company on the Kaminis-
tikwia River; this plant was closed in 1973. The mercury-bearing sediments
will, in time, be effectively separated from the water column as new sediment
is deposited on the lake bottom. Thus, levels in fish should decrease to
within accepted criteria without additional remedial programs.
Excessive levels of compounds which can cause objectionable taste and
odour are traceable to the Great Lakes Paper Company mill in Thunder Bay.
Ongoing or planned remedial meaSUres are expected to reduce discharges
containing such compounds to levels in compliance with the Agreement and
Ontario objectives, but because of the schedule in the control orders,
compliance is several years away. This time frame is excessively long in
relation to the purpose of the Agreement.
Thunder Bay is the location of about 75% of the maintenance dredging in
the Canadian portion of the Lake Superior Basin. Most of the sediments
contain organic materials and mercury. There has been only a minimal amount
of dredging, however, in recent years. Uncontaminated material is presently
disposed of well offshore and contaminated material deposited in a semi—
enclosed basin. A diked disposal area for future dredgingis under develop—
ment.
DULUTH-SUPERIOR HARBOR
Water quality in Duluth-Superior Harbor is adversely affected by muni~
cipal, industrial, agricultural, and natural sources; point-source dischargers
are listed in Table 5. The harbour consists of St. Louis Bay and Superior
Bay; the former is upstream of the latter. Physical and chemical properties
are highly variable but, normally, water quality generally improves as one
proceeds toward the lake. However, the controlling factor is the wind; an
offshore wind can introduce high-quality lake water well up into the harbour.
Outflow of the water after cessation of the wind in effect flushes the harbour.
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 Duluth-Superior Harbor was extensively studied by the Reference Group
during 1973-75. Eighty percent of the annual phosphorus loading of 270 tonnes
was found to come from point-source discharges. Based on observed nutrient
loadings and biological indicators, Duluth—Superior Harbor was eutrophic; the
phosphorus concentration in St. Louis Bay was 100-200 pg/L, compared to 4
pg/L in the open waters of Lake Superior. Nutrients and BOD loadings from
organic material were contributing to low dissolved oxygen values, often in
violation of Minnesota standards. The levels of chlorophyll a (a measure of
the amount of algae in the water) were onlymoderately high, but this may be
attributed to high turbidity restricting the amount of light, on which algae
are dependent for growth.
Fecal coliform, phenols, and copper levels in
Duluth-Superior Harbor were often in excess of Minnesota standards.
Remedial measures have since been completed or undertaken to restore the
water quality of Duluth-Superior Harbor to within jurisdictional and Agreement
values.
Coliform levels and nutrient, BOD, and suspended solids concentrations are
expected to decrease, and dissolved oxygen levels are expected to recover when
the recently completed
$100 million Western Lake Superior Sanitary District
wastewater treatment plant is fully operational. Start-up commenced in October
1978.
This plant replaces numerous smaller plants and treats both municipal
and industrial wastewater.
Phosphorus removal capability will reduce the annual loading by about 160
tonnes.
When this target is met, municipal and industrial point sources will
be contributing only about half of the total phosphorus
loading to the har-
bour.
The need for additional
nutrient removal meaSUres would depend
on to
what extent the harbour has been restored.
Discharge requirements have been placed upon
some other direct municipal
and
industrial
discharges
to the
harbour.
Also,
a rehabilitation
program was
initiated
in 1976
to patch
brdken
sanitary
sewer
lines
in Duluth
and
to
stop
sanitary
sewer
bypasses.
Flow
monitoring
is
being
conducted
to
further
evaluate
the
amount
of
infiltration
of
sanitary
sewers.
The
adequacy
of
the
programs
Should
be
assessed
after
the
harbour
waters
have
had
an opportunity
to respond.
Although these
remedial
measures will
improve
the quality of St.
Louis Bay
and Superior Bay,
the accumulated
benthic
sludges
in the
lower St.
Louis
River
will
remain.
The
sludges
contain
BOD
from
past
discharges
and,
as
a
result,
low dissolved
oxygen
levels
will
persist
in
the
river
for
many years
to
come.
Dredging
in
Duluth-Superior
Harbor
accounts
for
approximately 90%
of
all
dredging
in the
U.S.
portion
of
the
Lake
Superior
Basin.
However,
the
sediment
is
contaminated
and,
although
its
effect
on
the
water
column
is
not
entirely
known,
this
has
led
to
the
prohibition
of
open
water
disposal
of
the
spoil.
A
confined
dredge
spoil
disposal
site
was
under
construction
during
1978
and
disposal
will
begin
there
in
1979.
The
U.S.
Army
Corps
of
Engineers
is
study-
ing
the
pollution
potential
of
material
dredged
from
Duluth-Superior
Harbor
and will
alsomonitor
water
quality
in
the
vicinity
of
the
disposal
site
after
it
becomes
operational.
The
results
of
these
studies,
when
complete,
should
be
considered
to
determine
if
additional
measures
are
necessary.
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The latency period between initial exposure to asbestos and resultant diseases
is generally from 20 to 40 years. Reserve has been discharging since 1955 and
elevated levels of asbestos have been in the Duluth water supply at least
sinc
e 19
64.
Thus
, h
ealt
h ef
fect
s s
houl
d so
on b
e e
vide
nt
if t
he f
ibre
s i
n th
e
drinking water are causative.
In view of the uncertainty, there is cause for concern regarding those
communities whose water supplies contain asbestiform fibres. Communities with
high levels of asbestiform fibres include Duluth, Beaver Bay, Two Harbors, and
Cloquet. Duluth has a filtration system which is designed for greater than
99% efficiency or not more than 1.0 million fibres/litre, based upon a maximum
raw water concentration of up to 644 million fibres/litre. While high, this
level of removal may not be satisfactory to ensure adequate public health
protection since the extremely fine fraction of asbestiform fibres remains in
the water.
Suspended solids are a problem but only in the western arm of Lake
Superior. The major cause is erosion and resuspension of red clay along the
Wisconsin shoreline. Problems include shoreline property damage, reduced
aesthetic quality of the water, periodic contamination of the Duluth public
water intake, and clogging of gravel beds needed for trout spawning.
The highest concentrations of suspended solids occur in the nearshore area
of the western arm between Duluth and the Apostle Islands, where the median
concentration is 2.8 mg/L. The western arm has an average suspended solids
concentration of approximately 0.9 mg/L, and the average open lake concentra-
tion for the rest of Lake Superior is only approximately 0.2 mg/L. During
intense storms, however, open-lake plumes in the western arm have suspended
solids concentrations of 40 mg/L and nearshore water concentrations of up to
1000 mg/L. Fifty-five percent of the mean annual input comes from shore
erosion, 37% from resuspension of sediments, and 8% from stream runoff. In
warm months, in the absence of ice cover, shore erosion contributes 70% of the
red clay input. The Nemadji River accounts for approximately two-thirds of
the stream runoff input.
The lake level affects the rate of erosion in a complex manner. The
regulation of the level of Lake Superior has slightly increased the mean lake
level; a higher mean lake level tends to increase erosion. 0n the other hand,
regulation has slightly decreased the peak level and the range of water level
fluctuation. It is also established that the greatest erosion takes place
during storms, which increase wave action and cause surges in lake level.
Thus, the net influence of regulation is difficult to assess. The Reference
Group concluded the long-term effect of lake-level regulation on red clay
erosion is slight; red clay eroSion is a natural phenomenon, essentially
unaffected by man's activities.
The Reference Group also concluded that stabilization of the shoreline
would be difficult regardless of the lake level because of the nature of the
soil. However, studies have been initiated to determine how red clay erosion
upstream in the drainage basin can be controlled.
ONTARIO NORTH SHORE
Along the Ontario shoreline of Lake Superior east from Thunder Bay to
Sault Ste. Marie, the general water quality is good. Significant degradation
occurs only in the immediate vicinity of municipal and/or industrial outfalls
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at Jackfish Bay, Nipigon Bay, and Peninsula Harbour (Table 5). All three
locations are pulp and paper production centres: Kimberly Clark of Canada
Ltd., Domtar Packaging Ltd., and American Can of Canada Ltd., respectively.
At all three sites, bacterial contamination, sometimes in excess of
Ontario criteria, is reported. Unacceptable levels of mercury in sediment and
fish are reported at Jackfish Bay and at Peninsula Harbour, and in fish from
Nipigon Bay, Black Bay, Michipicoten Harbour, and Pine Bay; in all cases where
a point source of mercury has been identified, the source has been closed
down. PCB's were detected at unacceptable levels in sediments from Jackfish
Bay and Peninsula Harbour, and in fish from Peninsula Harbour and Nipigon
Bay. Phenolic substances, which could result in fish tainting, were reported
as present in water in Jackfish Bay and in Peninsula Harbour; no remedial
measures are presently planned.
Nutrients pose a potential future problem.
Without phosphorus removal the
chlorophyll a concentration in both Jackfish Bay and Nipigon Bay could enter
the mesotrophic range by 2020. With 85% phosphorus removal, the levels would
remain
essentially
unchanged,
in the
oligotrophic
range.»
Unless corrected, bacterial degradation as a result of the industrial
discharge at Jackfish Bay will continue.
In Nipigon Bay, the bacteriological
situation should improve because of recently implemented and additionally
planned remedial measures.
MICHIGAN SOUTH SHORE
Water quality is also good along the south shore of Lake Superior. Degrad-
ation is observed only in the immediate vicinity of certain river inflows to
the lake. These rivers receive municipal and industrial point-source waste
discharges (Table 5); upstream watershed disturbances and agricultural activ-
ity may also be contributing factors. The lake is impacted in the vicinity of
Ontonagon, Marquette, and Munising because of phosphorus inputs to the lake by
way of rivers; the benthic community at each river mouth location is indic-
ative of enrichment. Municipal phosphorus removal is now in place at Munising;
the effluent concentration is now approximately 1 mg/L. At Ontonagon, phos—
phorus removal is accomplished by routing the effluent from the municipal
sewage treatment plant to a paper mill, which uses the phosphorus in its waste
treatment operations. Phosphorus removal facilities are under construction at
Marquette and will be on line in the fall of 1979.
Inadequate operation of disinfection facilities at municipal sewage treat-
ment plants has resulted in elevated coliform counts at Black River Harbor,
Ontonagon, Marquette, and Munising.
 
Severely degraded sediments occur at Ontonagon and Munising, as a result
of inadequately treated sewage, and at Upper Portage Entry because of past
mining activities. Under U.S. EPA dredge spoil guidelines, the sediments are
considered polluted, at Ontonagon for chemical oxygen demand and total Kjel-
dahl nitrogen; at Munising for chemical oxygen demand, total Kjeldahl nitro—
gen, zinc, lead, and total volatile solids; and at Upper Portage Entry for
copper and zinc.
At all three locations, the benthic community is degraded.
Maintenance dredging of polluted sediment is undertaken at Ontonagon; the
polluted
spoil
is
disposed
of
on
land.
    
 
 
 
The concentration of copper in water is elevated at Upper and Lower
Portage Entries, as a result of past mining activities, and also at Ontonagon
and Marquette.
Human consumption of fat lake trout caught at Munising, Marquette, and
Whitefish Point is limited because mercury levels exceed the 0.5 mg/kg U.S.
Food and Drug Administration guideline. Mean levels of PCB's exceed the 5
mg/kg U.S. guideline in fat lake trout caught at Black River Harbor, Munising,
and Marquette. Some individual fat lake trout caught at Black River Harbor,
Lower Portage Entry, Copper Harbor, Marquette, and Munising exceed the 5 mg/kg
DDT guideline. Only at Black River Harbor, however, does the mean value
exceed the guideline.
LAKE HURON BASIN
ST. MARYS RIVER
The St. Marys River continues to be degraded by municipal and industrial
discharges from Sault Ste. Marie, Ontario. Loadings of cyanide, phenols,
ammonia, and other materials to the St. Marys River from Algoma Steel were
sufficiently high in 1947-48 for the Commission to recommend in its 1951
report to Governments that measures be taken to abate the discharges in order
to correct identified pollution problems. However, loadings were considerably
higher in 1974, indicating that remedial measures have neither corrected the
problems nor kept pace with expansion.
The discharge of industrial waste from Algoma Steel Corporation has
resulted in sediment concentrations exceeding U.S. EPA and/or Ontario dredge
spoil disposal guidelines for phenolic substances, oil, cyanide, iron, and
zinc. For example, iron concentrations as high as 44% by weight are recorded
in the surface sediments for the first 3 km downstream from the discharge and
exceed the guideline for 11 km. Severe disruption of the benthic macro-
invertebrate community is observed for about 3 km downstream of the main out-
fall and up to 300 metres from shore. Elevated levels of iron and zinc are
found in sediments on the U.S. side of the river downstreanl of Sault Ste.
Marie, Ontario, as a result of transboundary movement. However, recorded
levels do not exceed the guidelines across the international boundary and,
fortunately, contaminated areas are not generally subject to maintenance
dredging.
Cyanide levels in water average 0.28 mg/L downstream of the main Algoma
outfall and exceed the Ontario permissible criterion of 0.2 mg/L for public
water supply for about 0.3 km downstream. Both these values are higher than
concentrations reported to be lethal to various speciesof fish. Levels in
excess of the proposed water quality objective of 0.005 mg/L extend into the
Lake George Channel. Cyanide loadings from Algoma Steel were 2280 kg/d in
1974, constituting more than 80% of the total input to Lake Huron from all
sources. A major reduction in cyanide should be achieved beginning in 1979
with the final commissioning of a new byproduct recovery plant.
The concentration of phenolic substances in water exceeds the 1978 Agree-
ment objective and the Ontario criterion for more than 11 km below the main
Algoma outfall. The levels were reinforced by inputs from Domtar via the
municipal sewer outfall. Transboundary movement was evident in Lake George
where phenol levels exceeding the Agreement objective were found in U.S.
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 waters. There have been no confirmed reports, however, of fish tainting or of
taste and odour problems in water supplies. In January 1976, Domtar began
incineration of its wastes. At Algoma, the new by-product recovery plant
mentioned above should significantly reduce phenolic discharges. Both cyanide
and phenol levels should be monitored following implementation of remedial
measures at Algoma Steel.
Bacterial levels in excess of the Agreement objectives and Ontario recrea—
tional use criteria occur due to sewer overflows and inadequate effluent dis—
infection at the municipal sewage treatment plant. No remedial measures are
under way.
NORTH CHANNEL
The North Channel possesses high overall quality. However, degradation
was found in the vicinity of Serpent Harbour, at the Spanish River mouth, and
in that portion of the channel receiving inflow from the St. Marys River.
Serpent Harbour and the Spanish River mouth both eihibit developing phos—
phorus nutrient enrichment from tributary municipal and industrial discharges,
but chlorophyll a levels are not sufficiently elevated to be of concern. If
mines are reopened, nitrogen loadings from mine tailing areas could increase
at the Serpent River mouth.
The St. Marys River is a major source of phosphorus loading to the North
Channel. Although the loading rate indicates that the area should be in the
mesotrophic range, chlorophyll a levels do not show any increase; they are
about the same as in the oligotrophic open water of Lake Huron.
Bacterial levels in the northwestern portion of the North Channel are
elevated because of loadings from the St. Marys River. Levels near the Blind
River and at the mouth of the Spanish River are elevated due to the discharge
of inadequately treated sewage.
Nickel concentrations are elevated in the sediments from several areas of
the North Channel, including Serpent Harbour. The levels are due to natural
mineralization and mining activities in the drainage basin. DDT has also been
detected in the sediment of the Spanish River mouth and in Serpent Harbour;
the source may have been past usage of DDT to control black flies. Phenols in
the water of the Spanish River mouth are due to the Eddy Forest Products pulp
and paper mill upstream at Espanola.
Radium activity (concentration) in Serpent Harbour continues to exceed the
Ontario permissible criterion for surface drinking water supplies of 3 pico-
curies per litre as well as the 1978 Agreement objective, expressed as a
dosage, of 1 millirem per year. Radium levels are lower, however, than values
reported in previous years due to remedial measures initiated upstream at
active mine sites in the Elliot Lake area subsequent to 1965, decreased mining
activity in recent years, and natural decreases in stream flow. Pursuant to
control orders issued in 1977, waste and drainage from both active and idle
mining properties owned by Denison Mines Ltd. and by Rio Algom Ltd. meet the
provincial guideline which was established in order to achieve compliance with
the provincial drinking water criterion. However, because this guideline has
not been applied to drainage from tailings areas at other idle or abandoned
mines, the radium level in Serpent Harbour remains elevated above the drinking
 water criterion. The only local public water supply in the area is treated to
reduce the radium concentration to within the criterion. No further remedial
programs are under way, although the need for additional control programs in
the Elliot Lake area is being assessed.
COTTAGE COUNTRY SHORELINE OF GEORGIAN BAY
Significant nutrient enrichment occurs in the nearshore waters of Georgian
Bay in the vicinity of Collingwood, Penetang, and Midland and minor enrichment
at Parry Sound, Owen Sound, and Tobermory. At Collingwood, phosphorus concen-
trations (Table 7) are sufficiently high to cause nuisance weed and algal
growths. Municipal wastewater is a principal source of the nutrients; at Col-
lingwood and at Midland, the phosphorus removal facilities are not operating
properly. Other contributing factors are, at Collingwood and Penetang, the
low flushing rate and assimilative capacity of the receiving water. Also at
Collingwood, runoff and nutrients from suspended sediments may contribute.
Enrichment at Parry Sound may become a problem in the future because of the
limited nutrient assimilation capacity of the receiving water.
In Penetang Bay, municipal sources contributed about 87% of the phosphorus
loading in 1973 and for Midland Bay, about 34%; for the Penetang-Midland area
as a whole (defined as the area east of Giants Tomb Island), municipal point
sources contributed about 24% of the total input.
For Penetang Bay, the sewage treatment plants are presently achieving a
phosphorus effluent limitation of less than 1 mg/L, but the long (2.4 years)
water retention time of the bay precludes achieving a higher level of water
quality in the Bay. Improved alternative methods of phosphorus treatment or
disposal are required to deal with this localized problem.
When the entire Penetang-Midland area is considered, 76% of the phosphorus
input is from nonpoint sources, including unsewered domestic waste. A sizable
portion of the population in the drainage basin, which includes the Severn
River, is nonsewered.
The population of the cottage country is projected to increase. Much of
this future population may be unsewered. For new cottage construction,
Ontario requires a no-discharge tile drainage system which should allow for no
discharge, directly or indirectly, to surface waters; where this is not
feasible, a sewage holding and pump-out system is required. Pumped—out waste
is conveyed to a municipal system for disposal. Ontario is presently
implementing similar requirements for existing cottages.
At Collingwood, according to projections of chlorophyll a levels, by
2020, even with 85% phosphorus removal, growth will push the harbour into the
eutrophic range. Similarly, at both Penetang and Midland, the projected
chlorophyll a levels with 85% phosphorus removal would be in the mesotrophic
range by 2020. Therefore, more stringent phosphorus loading limits may be
required on present point sources and alternative waste collection, treatment,
and disposal technology may be appropriate. Further, the phosphorus contribu-
tion from septic tanks and whether such systems are operating properly should
be determined.
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 In the summer, total coliform levels sometimes exceed the Agreement
objective at Penetang; the causes are inadequately disinfected waste, urban
drainage, and possibly the heavy recreational use of the area. Fecal coli-
forms and fecal streptococci also exceed objectives at the Sydenham River
mouth in Owen Sound in the summer. Appropriate disinfection and control
measures should be undertaken.
Sediments at Collingwood Harbour have high concentrations of zinc,
cadmium, and lead; these are attributable to local shipbuilding operations.
Zinc concentrations in sediment were also high at Penetang, Midland, and Parry
Sound Harbour. DDT and its metabolites have been detected in sediments from
Tobermory, Owen Sound, Collingwood Harbour, Penetang, and Midland. Dieldrin
has also been detected in Owen Sound Harbour, Penetang, and Midland. The
presence of DDT and dieldrin is probably attributable to past agricultural use.
Owen Sound and Collingwood Harbour sediments also had high levels of
PCB's; the sources are not known. PCB's were also detected in individual fish
in excess of the Canadian health guideline of 2 mg/kg at Owen Sound, Tober-
mory, and Nottawasaga Bay. Walleye from Nottawasaga’ Bay also contain an
average mercury concentration exceeding the Canadian health guideline of 0.5
mg/kg and walleye from the Penetang-Midland area approach the guideline. The
mercury source is believed to be natural.
SAGINAW BAY
Saginaw Bay is one of the most polluted areas in the Great Lakes System;
it violates numerous jurisdictional values and Agreement objectives. In
addition, the 60—day flushing time of Saginaw Bay results in the transport of
the contaminants in substantial quantities to the open water of southern Lake
Huron. The Bay receives the wastewater generated by 1.2 million people living
in its basin, numerous industries, and agricultural land runoff. Most
pollutants enter the Bay via the Saginaw River. Virtually every use of
Saginaw Bay has been affected or curtailed: water supplies (taste and odour
and filter clogging), recreation (swimming and boating), and fishery (sport
and commercial). Despite some remedial measures, problems could become more
acute.
Saginaw Bay is considered to be naturally somewhat eutrophic, and this
condition has been severely aggravated by the additional impact of human
activities in its drainage basin. The stimulation of algal growth and the
presence of undesireable species by nutrients is now and probably will
continue to be the most serious water quality problem in Saginaw Bay. During
1973-75 the Saginaw River contributed approximately 1310 t/a of phosphorus
through the Bay to Lake Huron (Table 8). This was 24% of the total phosphorus
input (5520 t/a) to the entire lake and more than the amount entering the lake
via the St. Marys River and the Straits of Mackinac combined. Municipalities
in the river basin were responsible for approximately 61%, and nonpoint
sources for approximately 39%, of the phosphorus input to the Saginaw River.
The Reference Group reported that phosphorus reduction to achieve an
average phosphorus effluent concentration of 1 mg/L at all municipal sewage
treatment plants in the Saginaw Bay Basin would reduce the annual phosphorus
loading from municipal sources from 800 to 200 tonnes, or by about 75%. This
600 t/a reduction would represent about a 50% decrease in the total phosphorus
input to Saginaw Bay.
47
 
  
Poi
nt-
sou
rce
pho
sph
oru
s r
emo
val
cap
abi
lit
y i
s n
ow
in
pla
ce
at
alm
ost
all:
mun
ici
pal
sew
age
tre
atm
ent
pla
nts
in
the
Sag
ina
w
Bay
Bas
in;
by
197
7,
the
se
fac
ili
tie
s
had
eff
ect
ed
a
red
uct
ion
in
the
ann
ual
pho
sph
oru
s
loa
din
g
of
abo
ut
475
ton
nes
.
An
add
iti
ona
l
ann
ual
red
uct
ion
of
abo
ut
100
ton
nes
wil
l
be
ach
iev
ed
in
197
9
whe
n
Fli
nt
com
ple
tes
its
pro
gra
m.
In
add
iti
on,
bec
aus
e
of
ope
rat
ion
al
dif
fic
ult
ies
,
som
e
pla
nts
are
not
pre
sen
tly
ach
iev
ing
the
eff
lue
nt
goa
l
of
1.0
mg/
L.
Pro
per
ope
rat
ion
,
cou
ple
d
wit
h
the
rec
ent
ly
ena
cte
d
(Oc
tob
er
197
7)
0.5
%
lim
ita
tio
n
on
pho
sph
oru
s
in
lau
ndr
y
det
erg
ent
s,
sho
uld
res
ult
in
all
mun
ici
pal
pla
nts
mee
tin
g
or
exc
eed
ing
the
ir
tar
get
ed
loa
d
red
uct
ion
and
,
hen
ce,
the
goa
l
rep
ort
ed
by
the
Ref
ere
nce
Gro
up.
Wit
h
ach
iev
eme
nt
of
the
600
t/a
red
uct
ion
, p
oin
t s
our
ces
will
be
con
tri
but
ing
onl
y a
bou
t 2
8%
of
the
tot
al
phosphorus load to Saginaw Bay.
The
pho
sph
oru
s r
emo
val
mea
sur
es
des
cri
bed
abo
ve
are
exp
ect
ed
to
sig
nif
—
ica
ntl
y h
elp
the
agg
rav
ate
d s
itu
ati
on
in
Sag
ina
w B
ay
and
to
fac
ili
tat
e u
se
of
the
Bay'
s wa
ter.
Howe
ver,
thes
e me
asur
es
and
even
more
stri
ngen
t po
int
sour
ce
con
tro
l
mea
sur
es
may
not
be
ade
qua
te
to
mee
t
the
Agr
eem
ent
obj
ect
ive
of
pre
ven
tin
g n
uis
anc
e
alg
ae
and
wee
d g
row
th
and
com
ple
tel
y r
est
ori
ng
ben
efi
cia
l
wate
r u
se.
For
exam
ple,
the
50%
redu
ctio
n i
n p
hosp
horu
s l
oadi
ng
to
the
Bay
will
red
uce
the
ave
rag
e
chl
oro
phy
ll
a
con
cen
tra
tio
n
in
the
inn
er
bay
by
abou
t a
thir
d f
rom
15.7
ug/L
, b
ut
this
conc
entr
atio
n i
s s
till
in t
he
eutr
o-
phic
rang
e.
Furt
her,
the
unde
sire
able
blue
—gre
en
alga
e wo
uld
stil
l b
e pr
esen
t,
alth
ough
ther
e w
ould
be
a s
igni
fica
nt
redu
ctio
n i
n t
heir
numb
er
and
in
the
consequent water use problems.
If
all
sewa
ge
trea
tmen
t p
lant
s i
n t
he
Sagi
naw
Bay
Basi
n a
chie
ved
an
aver
age
phos
phor
us
effl
uent
conc
entr
atio
n o
f 0.
5 mg
/L,
the
load
ing
to t
he B
ay,
compa
red
with
the
loadi
ng e
xpect
ed w
ith
achie
vemen
t of
a 1.0
mg/L
limit
, wo
uld
be re
duced
by on
ly a
bout
100 m
ore
tonne
s per
year,
a fur
ther
reduc
tion
of on
ly
abou
t 14
%.
Land
appl
icat
ion,
if f
easi
ble,
coul
d ul
tima
tely
redu
ce p
oint
sour
ce
phosphorus loadings down to 20 t/a.
Nonp
oint
sour
ces
repr
esen
t t
he m
ajor
futu
re
inpu
t of
phos
phor
us
to S
agin
aw
Bay. Although the nonpoint contribution to the total loading is large, any
chan
ge
in t
his
load
ing
from
land
runo
ff w
ith
chan
ge
in l
and
use
shou
ld,
qual
i-
tati
vely
, b
e s
mall
.
Nonp
oint
load
ings
can
be
miti
gate
d b
y a
ppli
cati
on
of
cost
—eff
ecti
ve
land
runo
ff
cont
rol
meas
ures
in
the
Sagi
naw
Bay
Basi
n.
Such
meas
ures
woul
d he
lp
impr
ove
and
main
tain
the
Bay'
s ov
eral
l q
uali
ty
at a
high
er
level. A relatively substantial effort would be required in the basin, how-
ever, to alter the trophic state of Saginaw Bay further. In its report on the
stud
y co
nduc
ted
by
the P
ollu
tion
from
Land
Use
Acti
viti
es
Refe
renc
e Gr
oup,
the
Commission will deal in detail with possible reductions of phosphorus from
nonpoint sources.
The Conmission therefore believes that the new baseline loading value and
the improved Bay conditions established by the 600 t/a phosphorus reduction
can be maintained and even enhanced. However, the eutrophic trend in the Bay
will not be completely reversed, and any future population growth and develop-
ment would endanger the maintenance of the improved conditions unless they are
held to zero or near-zero discharge. Further analysis, after completion of
measures presently underway, would be required to refine the degree of danger.
Elevated coliform levels near the mouth of the Saginaw River have resulted
in beach closures. Low dissolved oxygen levels, especially near the mouth of
the river, have adversely affected benthic organisms and the fishery. Sus-
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 pended solids have also affected the fishery and reduced the bay's aesthetic
value through discolouration.
The PCB concentration is high enough (approximately 80-90 ng/L) to be
detectable in the water at the mouth of Saginaw River, the only place in the
Upper Lakes System where PCB's have been detected in the water. Phthalates
also exceed the Agreement objective, and dieldrin is detectable in the water.
The concentration of zinc in the water of Saginaw Bay is approaching a level
documented to be toxic to certain aquatic organisms.
The sediments in the Saginaw River and in Saginaw Bay are contaminated
with PCB's. Two reaches of the river have values in excess of 10 mg/kg, and a
maximum value of 22.9 mg/kg has been reported. PCB levels in the sediment
along the navigation channel, out from the mouth of the Saginaw River, are
reasonably constant, averaging 1.5—2.0 mg/kg. A large area of the bay exhibits
a low level of contamination.
Sediments in Saginaw Bay are also moderately polluted with zinc, lead,
total Kjeldahl nitrogen, and chemical oxygen demand, with the most polluted
areas near the Saginaw River mouth. Dibutyl phthalates were also detected.
The sediments also act as a source of nutrients and toxic materials when the
overlying waters become depleted; it is estimated that 50% of the phosphorus
that settles in the bay during the year is later resuspended.
Of the volume of polluted sediments subject to dredging in the U.S.
portion of the Lake Huron Basin, nine-tenths is from the Saginaw River; the
spoil is disposed of in diked areas. Special dredging methods are required in
the two areas of the river which are heavily polluted with PCB's. In addition,
studies have been initiated to determine the cost and feasibility of various
remedial actions to alleviate the elevated levels of PCB's in the sediment of
the Saginaw River and of PBB's
in the tributary Pine River.
The fishery in Saginaw Bay has suffered because of both environmental
contamination and overfishing.
Enrichment has resulted in a shift in the food
organisms, indeed the entire aquatic population. Increased metal and organic
contamination has limited the human consumption of the fish. In catfish
samples, for example, most of the PCB and some of the DDT values reported
exceed the U.S. health protection guidelines of 5 mg/kg as well as the Agree-
ment objectives. A number of other exotic chlorinated organics were also
reported as present in the fish.
As described above, municipal phosphorus removal presently coming on line
to reduce the annual loading by 600 tonnes will improve the Bay's quality for
the near term. Other remedial measures have been taken since 1965 by Dow
Chemical Company at Midland and by Michigan Chemical Company (later Velsicol)
at St. Louis to reduce chloride loadings and hence bring the dissolved solids
concentration into compliance with the Agreement objective. Corrective steps
have also been taken or initiated to substantially reduce point source dis-
charges of metals and organics from several upstream dischargers.
Although the present trend is generally toward improvement, increased
population and industrial activity in the Saginaw Bay Basin could reaggravate
the condition of the Bay unless installation of new treatment facilities keeps
pace with growth. For phosphorus, the controls required will tend much closer
to 100% removal from point source discharges.
For all municipal and indus-
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MAIN LAKE SHORELINE
The nearshore waters of the southern part of the main body of Lake Huron
are
adve
rsel
y a
ffec
ted
by m
an's
acti
viti
es,
as
are
seve
ral
othe
r l
ocal
itie
s
along the main lake shoreline which receive municipal wastewater discharges.
The water quality of the remaining nearshore waters in the lake is similar to
the high quality of the open lake waters.
Concentrations of chlorophyll a and moderately high algal populations
indicate mesotrophic conditions along the U.S. shoreline of Lake Huron, down-
stream of eutrophic Saginaw Bay. The benthos at Tawas City and Lexington, as
a result, are dominated by pollution-tolerant species.
The Ontario shoreline south of Goderich also shows seasonal chlorophyll
a levels and algae populations characteristic of the mesotrophic range.
Drainage from tributaries, primarily the Maitland River, is responsible. The
Southampton and Port Elgin areas also exhibit minor nutrient enrichment.
1
Municipal discharges of phosphorus have enriched the receiving water on
the U.S. shoreline at Cheboygan, Alpena, and Harbor Beach (Table 7). The
problem at Alpena is compounded by the long retention time of harbour water,
but nutrient removal, now in place, should improve that situation.
As a result of municipal wastewater discharges, bacterial levels in excess
of the Agreement objectives are frequently observed at Goderich, Cheboygan,
Alpena, Tawas City, Lexington, and Harbor Beach.
At Tawas City, the mean concentration of copper in water is elevated above
the Agreement objective of 5 pg/L. At DeTour Passage the mean concentration
of zinc approaches the level documented to be chronically toxic to certain
aquatic organisms. In both cases, the source is unknown.
In sediment, zinc levels at Cheboygan and Harbor Beach exceed the U.S. EPA
dredge spoil disposal guidelines. At Harbor Beach, iron and chromium levels
are also elevated as a result of past operations of the Hercules Company.
PCB's were detected in sediments from the Ausable and Bayfield River mouths.
Although sediments at a number of U.S. locations along the Lake Huron shore-
line including Alpena, Caseville, Au Sable, Hammond Bay, Harrisville, and
Sebewaing had been classified as polluted, mainly because of sewage discharges
from small craft and ships into the confined harbour areas, implementation of
discharge regulations has resulted in reclassification of the sediment to
unpolluted at all locations except Sebewaing.
Individual fish from the Goderich and the Alpena areas exhibited elevated
levels of PCB's. Measurable levels of DDT have been reported in water samples
from DeTour, Cheboygan, Presque Isle, and Lexington. Dieldrin has also been
reported at DeTour.
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Heated water discharges from the Douglas Point-Bruce Nuclear Power Devel-
0pment site, the largest power development and thermal discharger on the Upper
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being exceeded.
WHOLE~LAKE FACTORS
Organics and mercury are both local problems and whole-lake factors.
Nutrient enrichment, a demonstrated local problem, also requires consideration
from a whole-lake perspective. The local problems are often the result of
point source discharges, as discussed above. The whole—lake perspective is
also required since degradation has occurred or could occur throughout both
Lake Huron and Lake Superior. Because these materials can persist in the
water «aflumn, thecirculation, mixing, and dispersal patterns of the lakes
render all sources - point and nonpoint - of these materials important.
Further, nonpoint inputs, such as land runoff and atmospheric deposition, can
contribute a significant portion of the total input. Thus, pollution abate-
ment measures applied to just the point-source component of these inputs may
not be sufficient to restore or preserve the integrity of the open—lake eco-
system. For these whole-lake factors, for various reasons, the concept of
transboundary pollution is different from when applied to specific point
source discharges.
NUTRIENT ENRICHMENT (PHOSPHORUS):
Enrichment of a water body refers to the effects of nutrient inputs. These
inputs can, in turn, cause increased bacterial populations, excessive algal
growth, and an algal population shift to less desirable forms. For the Upper
Lakes, phosphorus is the limiting nutrient for algal production. Excess phos—
phorus can result in excess algae, which can, in turn, result in decreases in
the lake's oxygen levels, alter fish and benthos populations, increase tur—
bidity, cause taste and odour problems in water supplies, and generally render
the water less desirable for recreational use.
Limnological experience indicates that if the total phosphorus concen-
tration in lake water is less than 10 pg/L, there should not be any serious
algal blooms and consequent problems. If the concentration exceeds 20 pg/L,
however, then enrichment problems will probably be present. The Reference
Group confirmed that the open waters of the Upper Lakes are oligotrophic;
Table 7 shows that the average total phosphorus concentration is less than 5
pg/L in the open waters of Lake Huron and Lake Superior. Substantially
elevated phosphorus concentrations occur only in a number of nearshore
locations in the Upper Lakes, as discussed in the preceding section of this
chapter.
In short, phosphorus is generally not a whole-lake problem in the Upper
Lakes, and will not becbme one if necessary corrective and preventive actions
are implemented. There are, however, indications in the form of subtle
biological shifts of approaching mesotrophy in southern Lake Huron, which
receives the outflow from Saginaw Bay. Phosphorus removal programs in the
Saginaw Bay Basin will not only vastly improve the Bay, as discussed above,
but will also reduce the threat to the open lake.
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Table
8
summarizes
municipal
and
industrial
point-source
loadings
and
total
loadings
to the Upper Lakes.
Only
in the case of the main
body of
Lake
Huron
did point sources contribute
a significant
percentage (29%)
of the total
phosphorus
loading
in 1974,
and much of this was via
Saginaw Bay.
On the U.S.
side
of
the
Upper
Lakes,
municipal
phosphorus
reduction
programs
were
sched—
uled,
primarily
at
Duluth
and
in
the
Saginaw
Bay
Basin.
The
objective
of
these
programs,
now
mostly
completed,
was
to
reduce
the
annual
phosphorus
loading
to Lake
Superior
and
Lake Huron
by
200
and 700
tonnes,
reSpectively.
After
these
scheduled
reductions
are
achieved,
the
municipal
and
industrial
point-source
component
to
the
total
phosphorus
loading
to
each
of
the
Upper
Lakes
will
be
about
10%;
nonpoint
inputs
(upstream
feeder
lakes,
land
runoff,
and
atmospheric
deposition)
will
account
for
about
90%
of
the
total
phosphorus
loading.
The
scheduled
reductions
should
be
achieved
by
1979
through
a
combination
of
factors.
Construction
should
be
complete
and
the
remaining
phosphorus
removal
facilities
operational
at
Duluth,
Marquette,
and
Flint,
as
discussed
above.
Phosphorus
removal
is
on
line
at
other
major
municipalities
in
the
U.S.
portion
of
the
basin,
but
some
have
not
achieved
the
target
load
reduc-
tion
because
of
operational
difficulties.
However,
in
October
1977
Michigan
enacted
legislation
to
limit
the
phosphorus
concentration
in
laundry
deter-
gents
to
0.5%
by
weight.
This
limitation
is
in
general
resulting
in
lower
influent
and
effluent
phosphorus
concentrations
at
municipal
sewage
treatment
plants
and,
thus,
assisting
in
meeting
or
exceeding
the
target
load
reductions.
In
Canada,
phosphorus
removal
facilities
are
in
place
at
a
number
of
muni-
cipalities
on
Georgian
Bay,
as
discussed
above,
but
operational
difficulties
have
precluded
achieving
the
targeted
load
reductions.
If
the
desired
reduc-
tions
were
achieved,
the
phosphorus
loading
to
Georgian
Bay
would
be
reduced
by about 25 t/a, baSEd on data Presented in Appendix C to the 1977 Annual
Report
of
the
Great
Lakes
Water
Quality
Board.
Phosphorus
removal
capability
has
not
been
installed
at
many
munici-
palities
on
the
Ontario
side
of
the
Upper
Lakes
Basin;
the
two
major
direct
municipal
dischargers
without
phosphorus
removal
capability
are
Thunder
Bay
and
Sault
Ste.
Marie,
Ontario.
The
Commission
recognizes
that
each
point
source
is
a
small
fraction
of
total
point
source
loads
and,
further,
that
point
source
loads
to
the
Upper
Lakes
are
but
a
small
fraction
of
total
loads.
However,
since
these
are
the
most
readily
controllable
sources,
they
should be subjected to control.
Also
based
on
Water
Quality
Board
data,
if
all
municipal
dischargers
in
the
Upper
Lakes
Basin
effected
a
further
reduction
in
the
effluent
concentra-
tion
of
phosphorus
from
1.0
to
0.5
mg/L
(without
flow
augmentation),
there
gould
be
a
fractional
decrease
in
total
loading
to
the
Upper
Lakes
(see
Table
The
Reference
Group
projected
that,
in
the
absence
of
whole-lake
controls,
phosphorus
loadings
to
the
Upper
Lakes
may
increase
by
20%
to
40%
by
the
year
2020.
Much
of
this
increase
could
result
from
population
growth
and
from
changes
in
land
use
such
that
higher
unit
loadings
could
result
from
land
run—
off.
Changes
in
the
various
indicators
of
water
quality,
such
as
ambient
phosphorus,
chlorophyll
a,
and
dissolved
oxygen
concentrations
and
trans-
parency
are
predicted.
The
Vollenweider
model
and
other
assessment
techniques
of
trophic
state
also
predict
that
the
open
waters
of
the
Upper
Lakes
would
still
be
in
the
oligotrophic
range,
even
with
these
increased
loadings,
except
52
 for
certain
areas
of
southern
Lake
Huron
that
are
affected
by
phosphorus
from
Saginaw
Bay.
However,
the
Reference,
Group
recommended
that,
in
order
to
prevent
degradation,
no
increase
in
c0ntrollable
phosphorus
inputs
should
be
permitted
on
a
lakewide
basis.
The
Reference
Group
target
loadings
are
shown
in
Table
8.
The
Commission
agrees
with
this
recommendation,
in
keeping
with
its
nondegradation
philosophy,
described
in
Chapter
7,
and
which
it
also
considers
to
be
necessary
to
minimize
phosphorus
inputs
downstream.
Based
on
considerations
of
local
effects,
prevention,
nondegradation,
and
equity,
the
Commission
concludes
that
a
municipal
phosphorus
effluent
limit
of
1.0
mg/L
should
be
established
for
all
municipal
and
industrial
dischargers,
and
more
stringent
limits
should
be
established,
where
required,
for
local
water_gnality.
In
addition,
the
Commission
suggests
that
Governments
require
the
application
of
best
practicable
technology
throughout
the
basin
to
minimize inputs.
ORGANIC CONTAMINANTS
Organic
pollutants
constitute
the
most
widespread
waste
loadings
into
the
waters
of
the
Upper
Lakes.
These
may
be
divided
into
essentially
three
cat-
egories,
although
there
can
be
some
overlap,
depending
on
the
contaminant:
1)
Those
which
degrade
biologically
or
chemically
and
which
result
in
sludge
deposition
and
reduce
oxygen
levels.
Muni-
cipalities
and
industries
which
handle
organic
matter
can
discharge
such
materials;
the
loading
is
generally
reported
as
biochemical
oxygen
demand
(BOD).
2)
Those
which
can
cause
taste
and
odour
problems
in
water
supplies
or
taint
fish.
The
best
known
are
the
phenols;
pulp
and
paper
mills
are
common
sources.
3)
Those
which
do
not
readily
degrade
and
which
may
bio-
concentrate,
and
which
may
be
directly
toxic
to
aquatic
life
or
to
consumers
of
aquatic
life,
or
which
may
be
metabolized
to
a
more
toxic
form.
The
industrial
chemical
PCB
and
the
agricultural
chemical
DDT
are
two
examples
of
such
persistent
synthetic
organic
contaminants.
The
most
serious
is
the
last
category.
A
wide
array
of
these
persistent
synthetic
organic
contaminants
has
been
identified
quantitatively
or
qualita—
tively
in
sediments
and
fish,
where
they
accumulate,
and
occasionally
at
detectable
levels
even
in
the
water
itself.
In
many
cases,
the
concentrations
violate
accepted
or
recommended
criteria.
Contaminants
detected
include
PCB's,
DDT
and
its
degradation
products,
aldrin,
dieldrin,
lindane,
plus
a
wide
array
of
other
chlorinated
hydrocarbons
and
polynuclear
aromatic
hydrocarbons.
The
general
.significance
of
the
presence
of
these
inaterials
in
the
Upper
Lakes
ecosystem
is
given
below;
extensive
discussion
of
specific
materials
and
possible
sources
is
given
in
the
Reference
Group
report.
Specific
sources
of
introduction
to
the
lake
system
have
only
been
deter-
mined
in
a
few
cases;
much
of
the
loading
appears
to
be
from
nonpoint
sources.
Dispersion
of
persistent
organic
contaminants
throughout
the
lake
ecosystem
occurs
both
within
the
lake
by
circulation
and
mixing
and
through
atmospheric
transport.
Whole—lake
degradation,
especially
in
fish,
is
clearly
indicated.
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Atm
osp
her
ic
inp
uts
app
ear
to
be
a s
ign
ifi
can
t s
our
ce
of
per
sis
ten
t o
rga
nic
con
tam
ina
nts
,
sin
ce
sev
era
l
of
the
com
pou
nds
wer
e
fou
nd
at
com
par
abl
e
lev
els
in
bot
h
Lak
e
Sup
eri
or
and
Lak
e
Hur
on.
Fur
the
r
evi
den
ce
of
atm
osp
her
ic
tra
nsp
ort
is
ind
ica
ted
by
the
pre
sen
ce
of
sim
ila
r
con
cen
tra
tio
ns
of
suc
h
per
sis
ten
t
org
ani
c
com
pou
nds
as
PCB
's,
hex
ach
lor
obe
nze
ne,
hep
tac
hlo
r
epo
xid
e,
and
met
hox
ych
lor
in
fis
h f
rom
Lak
e
Sup
eri
or
and
in
fis
h f
rom
Sis
kiw
it
Lak
e,
an
inl
and
lak
e
on
Isl
e
Roy
ale
whi
ch
has
rec
eiv
ed
no
kno
wn
dir
ect
dis
cha
rge
s
of
the
se
com
pou
nds
.
'
The
seri
ousn
ess
of
the
need
for
cont
rol
of p
ersi
sten
t o
rgan
ic
subs
tanc
es
wit
hin
the
Upp
er
Lak
es
Bas
in
is
well
ill
ust
rat
ed
by
the
Ref
ere
nce
Gro
up'
s
stu
die
s o
n P
CB'
s a
nd
DDT.
Alt
hou
gh
DDT
was
ban
ned
dur
ing
196
9-7
0 f
rom
use
on
the
sta
tes
bor
der
ing
on
Lak
e
Mic
hig
an,
was
ess
ent
ial
ly
ban
ned
in
Can
ada
in
1970
, a
nd t
hen
bann
ed
in t
he e
ntir
e Un
ited
Stat
es
in 1
972,
by 1
978
the
aver
age
con
cen
tra
tio
n
of
DDT
in
Lak
e
Sup
eri
or-
fis
h
had
not
dec
lin
ed
fro
m
lev
els
rep
ort
ed
for
pre
vio
us
yea
rs.
Alt
hou
gh
fis
h t
ake
n f
rom
Lak
e S
upe
rio
r (
exc
ept
lar
ge
lake
tro
ut)
and
fro
m L
ake
Hur
on
do
not
con
tai
n D
DT
lev
els
in
exc
ess
of
the
curr
ent
heal
th
prot
ecti
on
guid
elin
es
of 5
mg/k
g,
the
leve
ls
in m
any
fish
exc
eed
the
Agr
eem
ent
obj
ect
ive
of
1 m
g/k
g,
whi
ch
was
des
ign
ed
to
pro
tec
t f
ish
-
eating wildlife as well as human health.
The
chem
istr
y o
f t
he
wate
r m
ass
itse
lf
is
prob
ably
resp
onsi
ble
for
the
pers
iste
nce
of t
he
curr
ent
leve
ls
of
DDT
resi
dues
, p
arti
cula
rly
DDE,
in L
ake
Supe
rior
.
One
mech
anis
m f
or
remo
val
of s
uch
orga
nic
comp
ound
s f
rom
the
wate
r
colu
mn
is b
y s
orpt
ion
onto
susp
ende
d p
arti
cles
in t
he
wate
r;
thes
e p
arti
cles
eventually settle to the bottom of the lake. However, in Lake Superior, there
is
very
litt
le
susp
ende
d m
ater
ial
and,
ther
efor
e,
orga
nic
subs
tanc
es
such
as
DDT are only slowly removed from the water column by this means.
Regardless of the absolute concentrations of this wide array of chlorin-
ated hydrocarbons found in water and biota of the Upper Lakes, the Commission
is concerned over the common presence of numerous toxic organics whose indivi-
dual effects, acute or chronic, toxic or sublethal, are poorly known and whose
potential combined effects are completely unknown both in the aquatic biota
and in organisms which depend on them for food. It is apparent that both Lakes
Superior and Huron are being contaminated with persistent toxic organic com—
pounds from essentially unknown sources. Past efforts to control DDT contam—
ination, although effective in Lake Michigan, appear to have had little effect
as yet in Lake Superior. Further contamination of the biota by PCB's and, to
a lesser degree, dieldrin is still considered unavoidable in the Upper Lakes.
In summary, persistent synthetic organic contaminants are found in sedi-
ment and fish. Little is known about their chemical and biological movement
and their fate in the environment. In addition, there is a real potential that
if pollution by toxic organics continues unchecked, human consumption of fish
may be precluded, and the usefulness of the fisheries may therefore be lost.
In the extreme, the continued survival of the fish themselves may be in doubt.
Since it is difficult to prevent the entry of these chemicals, both directly
and indirectly, into the water, strict regulation of their manufacture,
distribution, and use is necessary. The only answer is a total ban on the
discharge of such chemicals into the environment until it has been conclus-
ively proven that these materials are safe.
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 METALS
Chronic
exposure
to
metal
concentrations
lower
than
the
lethal
level
can
have
serious,
subtle,
adverse
effects
on
the
biota.
Metals
taken
up
directly
from
water
or
through
the
food
chain
may
accumulate
in
tissues
and
organs,
Causing
growth
or
reproduction
problems.
Indirectly,
metals
may
weaken
organisms
or
change
their
behavioral
patterns,
making
them
more
vulnerable
to
other
environmental
stresses
such
as
diseases
or
predation.
Another
indirect
influence
is
the
elimination
or
reduction
in
abundance
of
important
food
chain
organisms.
Finally,
biomagnification
of
metals
in
fish
tissue
may
be
suf-
ficiently
high
to
represent
a
hazard
to
wildlife
and
humans
through
consump—
tion of contaminated fish.
Concentrations
of
metals
in
sediments
are
of
concern
because
heavy
metals
accumulate
in
sediments,
and
chemical,
mechanical,
and
biological
activity
can
cause
resolubilization
and
mobilization.
Methylation,
a
biological
process
that
occurs
in
aquatic
systems,
can
cause
transpdrt
and
cycling
of
certain
metals.
An
example
of
this
is
the
methylation
of
mercury
which
permits
the
uptake
of
mercury
by
biological
systems,
resulting
in
biomagnification
in
fish
to
levels
hazardous
for
human
consumption.
Methylation
of
other
elements
in
the
aquatic
environment,
such
as
lead,
selenium,
and
arsenic
has
also
been
demonstrated,
although
there
is
no
proof
that
these
other
metals
constitute
a
danger
to
human
health
in
the
Upper
Lakes
at
the
present
time.
Localized
high
concentrations
of
metals
are
noted
in
water,
sediment,
and/or
fish
in
a
number
of
nearshore
areas
of
the
Upper
Lakes,
especially
for
Lake
Superior
as
discussed
above.
Abnormally
high
levels
of
copper
have
occa-
sionally
been
found
in
central
Lake
Huron
in
excess
of
the
Agreement
objec—
tive, for no apparent reason.
Mercury
is
the
only
metal
which
is
a
whole-lake
problem.
Mercury
is
found
in
fish
at
levels
which
approach
or
exceed
the
health
protection
guideline
of
5
mg/kg.
While
point
source
discharges
and
their
residual
deposits
appear
to
be
a
contributing
factor
for
the
high
levels
of
mercury
in
fish,
a
significant
portion
of
the
mercury
input
to
the
Upper
Lakes
is
from
natural
sources,
sub-
stantiated
by
the
elevated
mercury
levels
in
walleye
from
Siskiwit
Lake
on
Isle
Royale,
which
has
received
no
inputs
of
mercury
other
than
from
weather-
ing
of
soil
or
possibly
from
atmospheric
inputs.
Because
the
mineralogy
of
the
Lake
Superior,
North
Channel,
Georgian
Bay,
and
the
northern
Lake
Huron
Basins
is
generally
high
in
concentrations
of
heavy
metals
and
because
there
is
inadequate
knowledge
about
the
health
effects
of
these
natural
levels
presently
found
in
sediments,
the
Commission
is
of
the
opinion
that
heavy
metals
levels
should
not
be
allowed
to
increase,
unless
reasonable
reassurance
as
to
the
possible
significance
is
available.
Under
no
circumstances
should
there
be
any
discharge
of
mercury
as
a
result
of
human activity.
DEGRADATION
FROM
ATMOSPHERIC
INPUTS
As
indicated
previously,
the
Reference
Group
established
that
air
pol—
lution
has
a
significant
effect
on
the
water
quality
of
the
Upper
Lakes.
The
atmosphere
is
a
major
pathway
of
deleterious
inputs.
Airborne
particulates
and
gases
can
enter
the
lake
water
through
atmospheric
precipitation
washout
(rainfall
and
snow)
and
by
deposition
(dustfall).
J
e
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The
atmo
sphe
re
is
a m
ajor
cont
ribu
tor
of
phos
phor
us,
heav
y m
etaT
s,
pers
iste
nt
synt
heti
c o
rgan
ics,
and
acid
to
the
wate
rs
of
the
Uppe
r L
akes
.
Thes
e ma
teri
aTs
ente
r th
e a
tmos
pher
e f
rom
both
natu
raT
and
huma
n s
ourc
es,
but
the
Tat
ter
is
pro
bab
Ty
dom
ina
nt.
The
Ref
ere
nce
Gro
up
aTs
o d
emo
nst
rat
ed
tha
t
not
onTy
Toca
T b
ut
aTso
dist
ant
emis
sion
s a
ffec
t w
ater
quaT
ity;
tran
spor
t
distances can be thousands of kiTometres.
The
Uppe
r L
akes
Refe
renc
e G
roup
repo
rted
that
atmo
sphe
ric
inpu
ts
make
up
abou
t 1
9%
of t
he t
otaT
phos
phor
us
Toad
to L
ake
Supe
rior
and
abou
t 1
1%
of
the
Toad
to
Lake
Huro
n;
PLUA
RG,
whic
h h
ad
a mo
re
exte
nsiv
e d
ata
base
, r
epor
ted
even
high
er p
hosp
horu
s c
ontr
ibut
ions
from
the
atmo
sphe
re.
Atmo
sphe
ric
Toad
ings
of
Tead
and
copp
er
are
esti
mate
d b
y th
e Up
per
Lake
s R
efer
ence
Grou
p t
o be
30-
40% of the totaT input. Atmospheric squhate is a measure of the potentiaT for
acid
rain
; a
bout
16%
of
the
squh
ate
ente
rs
Lake
Huro
n f
rom
the
atmo
sphe
re;
for Lake Superior, the vaTue is about 29%. The effects of atmospheric dis-
charges of squhate on the drainage basin of Georgian Bay in the Sudbury area
are
weTT
know
n a
nd
earT
y e
ffec
ts
have
aTso
been
dete
cted
in t
he
near
shor
e
water of Georgian Bay. ‘
Many highTy stabTe organic contaminants have been quaTitativeTy identified
in precipitation in the Great Lakes Basin. These incTude PCB's, a and Y
isomers of Tindane, DDT and its metaboTites, hexachTorobenzene, methoxychTor,
chTordane, endosquan, and dierrin. ATthough the concentrations are extremeTy
Tow, they can indicate very significant Toadings. For exampTe, for PCB's,
aTthough the concentration detected (0.02 pg/L) in precipitation is Tow, the
estimated atmospheric Toading of PCB's to Lake Huron is approximateTy one
tonne per year.
Sources of atmospheric inputs to the Upper Lakes incTude such diverse
activities as domestic, industriaT, and agricuTturaT Tand use. Loading to the
atmosphere wiTT increase, in generaT, with economic growth. Shifts in economic
factors, such as increased use of fossiT fueTs and the introduction or with-
drawaT from use of synthetic organics, such as PCB's and DDT, wiTT signif-
icantTy infTuence Toadings.
Atmospheric inputs are disproportionateTy significant. They directTy
enter the euphotic zone of the Takes and are immediateTy avaiTabTe to the
bioTogicaT community, whiTe tributary inputs are avaiTabTe to much of the
productive system onTy after diffusion and mixing. Hence atmospheric inputs
are more avaiTabTe to the open Take waters.
Because of their reTative importance in the Upper Lakes, atmospheric
inputs of the materiaTs cited, especiaTTy the persistent synthetic organic
contaminants, must be reduced or eTiminated just as much as or more than
point-source and Tand-runoff discharges into the water.
OTHER ISSUES
ATthough vesseT wastes, spiTTs, and thermaT inputs are aTso causing or
TikeTy to cause degradation of the Upper Lakes, especiaTTy in TocaTized areas,
these issues have much Tess impact than the other issues discussed above.
VesseT wastes are of concern due to the TocaTized impacts on harbours and the
possibTe import of chToride and foreign biota to the Takes. SpiTTs aTways
have an adverse environmentaT impact, aTthough the Tong-term effects are not
weTT documented; it is equaTTy important to have an effective program for
55
 
 F
—
—
l
spil
l
pre
ven
tio
n
as
for
spil
l
res
pon
se.
The
rma
l
dis
cha
rge
s
can
alt
er
the
nea
rsh
ore
eco
sys
tem
and
the
coo
lin
g w
ate
r i
nta
kes
can
res
ult
in
the
ent
rai
n—
ment of fish and fish larvae.
Othe
r t
han
a vi
olat
ion
of t
he
drin
king
wate
r s
uppl
y cr
iter
ion
for
radi
um
at
Ser
pen
t H
arb
our
on
the
Nor
th
Cha
nne
l,
inp
uts
of
rad
ioa
cti
vit
y h
ave
not
had
a de
lete
riou
s e
ffec
t o
n t
he w
ater
qual
ity
of t
he U
pper
Lake
s.
The
majo
r ma
n-
mad
e s
our
ce
of
rad
ioa
cti
vit
y t
o t
he
wat
ers
of
the
Upp
er
Lak
es
is
fal
lou
t f
rom
the
atmo
sphe
ric
test
ing
of
nucl
ear
weap
ons;
the
cont
ribu
tion
from
nucl
ear
pow
er
pla
nts
is
smal
l.
Tota
l i
npu
ts
of
rad
ioa
cti
vit
y f
rom
all
sou
rce
s,
inc
lud
-
ing
nat
ura
l i
nput
s,
are
not
exp
ect
ed
to
res
ult
in
a v
iol
ati
on
of
the
Agr
eem
ent
obj
ect
ive
,
exc
ept
at
Ser
pen
t H
arb
our
,
whe
re
the
nee
d f
or
add
iti
ona
l
con
tro
l
programs is being assessed. '
 
The
Comm
issi
on
is c
once
rned
, h
owev
er,
abou
t c
ontr
ibut
ions
whic
h m
ay
aris
e
fro
m t
he
sto
rag
e a
nd
dis
pos
al
of
spe
nt
nuc
lea
r f
uel
and
fro
m f
uel
rep
roc
ess
ing
ope
rat
ion
s.
The
Com
mis
sio
n h
as
ref
err
ed
thi
s q
ues
tio
n t
o t
he
Rad
ioa
cti
vit
y
Subc
ommi
ttee
of i
ts G
reat
Lake
s Wa
ter
Qual
ity
Boar
d fo
r fu
rthe
r st
udy.
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 6. ANSWERS TO THE REFERENCE QUESTIONS
REFERENCE QUESTION 1
Are
the
waters
of
Lake
Superior
and
Lake
Huron
being
polluted
on
either
side
of
the
boundary
to
an extent (a) which is causing or is likely to
cause
injury
to
health
or
property
on
the
other
side
of
the
boundary;
or
(b)
which
is
causing,
or
likely
to
cause,
a
degradation
of
existing
levels
of
water
quality
in
these
two
lakes
or
in
down—
stream portions of the Great Lakes System?
The only
instance of transboundary
pollution from
a point source
discharge
in the
Upper
Lakes
occurs
in
the
St.
Marys
River
and
the
Lake
George
area,
where
phenols
discharged
from Algoma
Steel
Corporation
and from the municipal
wastewater
treatment
plant
in Sault
Ste.
Marie,
Ontario
exceed
the Agreement
objective in U.S. waters.
There
are,
however,
many instances
where point—source
discharges,
often
in
conjunction
with
nonpoint
inputs,
are
causing
or
are
likely
to
contribute
to
pollution
or
degradation
of
existing
water
quality
in
Lake
Superior
and
in
Lake
Huron.
These
include,
most
importantly,
persistent
toxic
organics,
mercury,
and,
in
local
areas,
other
metals
and phosphorus.
These
are
likely
to
cause
injury
to
health
or
property
on
the
other
side
of
the
boundary
unless
remedial
or
preventive
action
is
taken.
However,
degradation
of
downstream
portions
of
the
Great
Lakes
System
probably
will
not
occur.
R
E
F
E
R
E
N
C
E
Q
U
E
S
T
I
O
N
2
If
the
foregoing
questions
are
answered
in
the
affirmative
to
what
extent,
by
what
causes,
and
in
what
localities
is
such
pollution
taking
place?
The
Reference
Group
identified
numerous
municipalities
and
industries
discharging
into
the
areas
of
reported
pollution
or
degradation
of
the
Upper
Lakes.
These
point
source
dischargers
and
the
specific
receiving
waters
were
identified
in Tables
5 and
6 for
Lake
Superior
and
Lake
Huron,
respectively.
Most
dischargers
are
in
compliance
with
effluent
discharge
regulations
promulgated
by
the
appropriate
jurisdiction.
However,
some
of
them
are
directly
responsible
for
violations
of
Agreement
objectives
or
jurisdictional
values.
The
observed
pollution
or
degradation
can
be
the
result
of
a
number
of
contributing
factors:
1.
Installation
of
remedial
measures
has
not
been
adequate
to
correct
identified pollution
problems or to keep pace with expansion,
such
as
at Algoma Steel
Corporation at Sault Ste.
Marie, Ontario.
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 2.
The
pol
lut
ion
con
tro
l
equ
ipm
ent
or
fac
ili
tie
s
may
be
in
pla
ce
but
are
ex
pe
ri
en
ci
ng
op
er
at
io
na
l
di
ff
ic
ul
ti
es
,
suc
h
as
fo
r
ph
os
ph
or
us
re
mo
va
l
at
som
e
of
the
mun
ici
pal
sew
age
tre
atm
ent
pla
nts
in
the
Sag
ina
w
Bay
Basin and along southern Georgian Bay.
3.
The
pol
lut
ion
or
deg
rad
ati
on
is
res
idu
al,
due
to
pas
t
dis
cha
rge
s
whi
ch
are
now
con
tro
lle
d
or
whi
ch
hav
e
cea
sed
,
suc
h
as
the
pre
sen
ce
of
mer
cur
y i
n f
ish
and
sed
ime
nt
in
the
Thu
nde
r B
ay
area
.
4.
Non
poi
nt
inp
uts,
suc
h
as
fro
m
land
run
off
,
may
rei
nfo
rce
the
poi
nt-
sou
rce
inp
uts
,
as
is
the
cas
e
of
pho
sph
oru
s
loa
din
gs
in
the
Saginaw Bay Basin.
5.
The
ass
imi
lat
ive
cap
aci
ty
of
the
rec
eiv
ing
wat
er
has
bee
n e
xce
ede
d
bec
aus
e
of
the
num
ber
of
dis
cha
rge
s,
the
tot
al
qua
nti
ty
of
was
te
dis
cha
rge
d,
and
/or
bec
aus
e o
f t
he
nat
ura
l w
ate
r-e
xch
ang
e c
har
act
eri
s-
tic
s
of
the
rec
eiv
ing
wat
er
wit
h
the
adj
ace
nt
por
tio
n
of
the
lak
e,
such as for Saginaw Bay.
The
rel
ati
ve
imp
ort
anc
e o
f t
hes
e f
act
ors
var
ies
wit
h t
he
loc
ati
on
und
er
con
sid
era
tio
n.
The
ext
ent
to
whi
ch
ide
nti
fie
d d
isc
har
ger
s
con
tri
but
e
to
obs
erv
ed
pol
lut
ion
or
deg
rad
ati
on
is
dis
cus
sed
in
det
ail
in
the
Ref
ere
nce
Gro
up'
s r
epo
rt.
Cha
pte
r 5
of
thi
s r
epo
rt
hig
hli
ght
s t
he
pro
ble
ms,
the
mos
t
sig
nif
ica
nt
sou
rce
s,
and
the
sta
tus
of
the
req
uir
ed
rem
edi
al
pro
gra
ms.
Som
e
inf
orm
ati
on
abo
ut
the
pre
sen
t s
tat
us
of
eac
h p
oin
t s
our
ce
dis
cha
rge
r i
s g
ive
n
in the 1977 Annual Report of the Great Lakes Water Quality Board.
REFERENCE QUESTION 3
If the Commission should find that pollution of
the character just referred to is taking place,
what remedial measures would, in its judgement, be
most practicable to restore and protect the
quality of the waters, and what would be the
probable cost?
To abate existing point-source pollution, where pollution is defined as a
violation of an objective or some jurisdictional value, remedial measures are
required for the municipal and industrial dischargers named in Table 9.
The
Refe
renc
e G
roup
was
unab
le
to
addr
ess
the
ques
tion
of
cost
s i
n
detail. The Reference Group did, however, compile a summary (Table 10) of
capi
tal
cost
s f
or
muni
cipa
l w
aste
coll
ecti
on
and
stre
am
disc
harg
e t
reat
ment
facilities for collectors, land- acquisition, engineering, and twenty—year
treatment plant design capacity. This did not include sewer extensions for
new development, operating costs, or alternative treatment or disposal
methods. The Reference Group also provided cost estimates for industrial
control, based on best practicable waste treatment technology in each country;
the estimate also includes $300 million for an on-land disposal site for mine
tailings from Reserve Mining Company. Increased water recycling and modifica-
tion of manufacturing processes to use less water and to minimize product and
by—product losses may reduce the estimated industrial costs. In general, the
validity of all these cost estimates may be regarded as an order of magnitude.
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 TABLE 9
MUNICIPAL AND INDUSTRIAL DISCHARGERS FOR NHICH
REMEDIAL PROGRAMS ARE RECOMMENDED
ISSUE
MUNICIPALITY 0R INDUSTRY AND LOCATION
Municipal or Industrial
Phosphorus Reduction
Lake Superior - Duluth-Superior Harbor
Marquette
Munising
Ontonagon
Thunder Bay
Jackfish Bay
Nipigon Bay
Lake Huron - Alpena
Cheboygan
Goderich
Harbor Beachr_
Penetang
Midland
Tobermory
Owen Sound
Collingwood
Parry Sound
Saginaw Bay Basin (all
upstream dischargers)
%uH Re.Mwim Mtwio
Bacterial Reduction
Lake Superior - Black River
Duluth—Superior Harbor
Jackfish Bay
Marathon (Peninsula Harbour)
Munising
Ontonagon
Red Rock (Nipigon Bay)
Thunder Bay
Lake Huron - Alpena
Blind River
Cheboygan
Goderich
Harbor Beach
Owen Sound
Penetang
Saginaw River Mouth
Sault Ste. Marie, Ontario
Spanish River Mouth
Tawas City
Metals Reduction
American Can of Canada Ltd., Marathon (mercury)
Algoma Steel, Sault Ste. Marie, Ontario
(iron and zinc)
Collingwood (zinc, cadmium, lead)
Saginaw Bay Basin (all upstream dischargers)
Taste and Odour Compounds
Great Lakes Paper Co., Thunder Bay
American Can of Canada Ltd., Marathon
Kimberley Clark of Canada Ltd., Terrace Bay
Eddy Forest Products. Espanola
Algoma Steel, Sault Ste. Marie, Ontario
Asbestos
Reserve Mining Co., Silver Bay
 
Radioactivity
 
Serpent Harbour (upstream sources)
a. Disinfection for bacterial reduction, in order to protect public health,
may be limited to seasonal implementation.
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TABLE 10
ESTIMATED CAPITAL COSTS FOR WASTE TREATMENTa
 
BASIN
MUNICIPAL
INDUSTRIAL
TOTAL
LAKE HURON
United States
124,000,000
86,000,000
210,000,000
Canada
31,000,000
48,000,000
79,000,000
LAKE SUPERIOR
United
States
71,000,000
323,000,000
. 394,000,000
Canada
48,000,000
144,000,000
192,000,000
TOTALS
United States
195,000,000
409,000,000
604,000,000
Canada
79,000,000
192,000,000
271,000,000
 
 
 
a. 1973 doTTars
 
 Although installation of the identified remedial measures should restore
water quality to within accepted values for the issues of concern for most
impacted areas, population growth, additional industrial development, and
nonpoint inputs will require the application of more stringent municipal and
industrial source abatement to protect water quality for the future.
In many cases, the responsible jurisdictions have already completed
implementation of the necessary remedial measures to correct the problems
identified in Table 9 and to bring municipal and industrial discharges into
compliance with jurisdictional or Agreement objectives. In other cases, these
remedial programs are in the planning or construction stages.
> To reduce the phosphorus loading from all plants in the Canadian portion
of the Upper Lakes Basin to 1.0 mg/L would require an estimated capital
expenditure of $2,000,000 in addition to that given in Table 10. The costs in
Table 10 include the costs to reduce phosphorus in United States municipal
discharges to 1.0 mg/L. —
These projections are based on achieving a reduction in loadings to meet
the 1978 Water Quality Agreement objectives and would not restore the water
quality of these areas beyond the objective levels, much less to the quality
that obtained prior to human activity. It assumes no increases in inputs.
Further improvements beyond this level would require the utilization of
alternative treatment methodology, such as land application of wastes, to
minimize phosphorus inputs, accompanied by metal and toxics removal, where
necessary, to avoid contamination of ground waters. Even with these measures,
however, some limitation on growth may be required.
In the U.S. the capital cost of the present program to contain polluted
dredge spoil is estimated at $59,600,000 for Lake Huron and $4,300,000 'for
Lake Superior. There is very little dredging of Upper Lakes harbours in
Canada, but where contaminated materials are encountered, the spoils are
generally incorporated into landfill operations utilizing existing containment
areas. No costs are presently available for a permanent dredging disposal
area at Thunder Bay.
When a storm overloads the system, storm and combined sewer water bypasses
the wastewater treatment plant. Such overflows can contribute large loadings
of phosphorus, bacteria, and other wastes directly to the receiving water.
Preliminary studies in both countries show that the capital costs of programs
to eliminate combined sewers in the U.S. is estimated at $130,000,000 for Lake
Huron and $30,000,000 for Lake Superior. Similar costs for Canada have been
estimated at $150,000,000 for Lake Huron and $25,000,000 for Lake Superior.
Costs for vessel waste treatment and control may be large for individual
vessel operators but are a relatively small part of the total cost picture.
Similarly, costs of measures for spill prevention and control are usually
small in comparison with the other costs for pollution control and are often
more concerned with operational procedures than with capital costs.
Further cost estimates for the control of inputs from point and nonpoint
sources will be available in the Commission's report on the study conducted by
the Pollution from Land Use Activities Reference Group.
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 REFERENCE QUESTION 4
In the event that the Commission should find that
little or no pollution of the character referred
to is taking place at the present time, what
preventive measures would, in its judgement, be
most practicable to ensure that such pollution
does not occur in the future and what would be the
probable cost?
The two major threats facing the Upper Lakes are localized enrichment from
phosphorus and lake-wide persistence of synthetic organic compounds. Nonpoint
inputs are major contributors, to which conventional point source remedial
measures cannot be applied.
PHOSPHORUS
Based on considerations of prevention, nondegradation, and equity, the
Commission concludes that a nmnicipal phosphorus effluent limit of 1.0 mg/L
should be established for all municipal and industrial dischargers, and more
stringent limits should be established, where required, for local water
quality. On a whole-lake basis, control of nonpoint sources of phosphOrus is
not justified.
Phosphorus reduction programs for Lake Huron and Lake Superior are needed
to restore, preserve, and protect the immediate receiving water. The specific
phosphorus control measures to be implemented depend on the specific receiving
water and could take the form of more stringent point source effluent limita-
tions or nonpoint land runoff control, or some combination. Alternative treat—
ment methodologies, such as land application, should be considered to reduce
loadings. The discussion provided in Chapter 5 for phosphorus in Duluth-
Superior Harbor, the nearshore and embayment areas of southern Georgian Bay,
and Saginaw Bay amply illustrate the advantage of a comprehensive management
strategy. '
PERSISTENT SYNTHETIC ORGANIC COMPOUNDS
For many persistent synthetic organic compounds, laboratory studies have
persuasively demonstrated toxicity and other harmful effects at elevated
doses. It is also true, however, that there exists only limited knowledge
about the effects of these compounds at the concentrations detected in the
Upper Lakes ecosystenn or of other compounds presently in use but not yet
detected in the environment. The reason is that present toxicity testing
procedures for environmental and human health effects for ambient concentra—
tions are expensive, time consuming, and scientifically inconclusive. The
problem is further complicated by the persistence of these materials and the
irreversibility of their effects. In these circumstances, the Commission
believes that responsible prudence requires that human and environmental
exposure to these compounds must be prevented as far as possible until safe
levels, if they exist, are determined.
If these materials are allowed to escape into the environment, their
concentrations in the atmosphere or in land runoff are too low to permit
effective control. In addition, specific point source inputs have generally
not been identified. The solution, then, in order to prevent pollution or
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 permanent degradation of the Upper Lakes and its biota, is to strictly regu—
late the manufacture, sale, transport, and use of these compounds, and to
totally ban their discharge into the environment. PCB's, PBB's, aldrin,
dieldrin, and DDT are such materials; however, because their high toxicity has
been demonstrated and because their uses are such that escape into the
environment is probable, if they are used, even strict regulation is not
sufficient. These materials must be completely banned from manufacture, tran-
sport, and use. The economic disruptidn of banning these materials can be
costly, and transition to alternative materials can take years, but such
measures are necessary until safe levels, if they exist, are determined.
Procedures are presently being developed to predict which compounds,
either presently in use or being considered for use, could be deleterious to
the Upper Lakes ecosystem.
Physical, chemical, and toxicological data on as
many compounds as possible are being compiled. Predictive methodology is
presently being developed wherein the bioaccumulation potential of a compound
can be estimated. In addition, the activity of a compound can be estimated by
comparing functional groups (component parts) of the new compound with a
compound having similar component parts for which activity is known.
A more general response to Reference Question 4 is set forth in Chapter 7,
as a policy of nondegradation.
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 7.NONDEGRADKHON
Reference Question 4 and the description of the Upper Lakes given in the
preceding chapters TogicaTTy Tead to the need for a preservation and manage—
ment phiiosophy for waters whose quality is better than the Agreement objec-
tives or jurisdictionai vaTues, in order to maintain these waters at their
present high quaTity. In further response to Reference Question 4, this
chapter describes a nondegradation poTicy for the Upper Lakes.
FRAMEWORK FOR WATER QUALITY PRESERVATION
It is necessary at the outset, when estabTishing a water quaTity poTicy,
to set out water quaiity objectives and to categorize water quaTity in
reiation to them.
The Reference Group ciassified the waters of the Upper
Lakes as non-degraded, degraded, or poTTuted in reTation to both the 1972 and
the proposed 1978 Agreement objectives.
In this ciassification, non-degraded
water is high quaiity water which shows no significant change as a resuTt of
human activity, and its uses are not Timited. Degraded water shows the effects
of human activity that may resuTt in occasionaT marginaT vioTations of water
quaTity objectives but which wouid generaTTy permit the most sensitive water
uses.
PoiTuted water shows frequent or severe violations of water quaTity
objectives, and some or aTT uses woqu be substantiaTTy Timited.
The Commission noted that under both the 1972 and the 1978 Water Quaiity
Agreements, specific water quaTity objectives have been adopted as "minimum
desired TeveTs of water quaiity", with the genera] objective of protecting aTT
present and future water uses. (It shoqu be noted that the adequacy of the
Agreement objectives must be periodicaTTy reexamined in the Tight of emerging
knowTedge. LittTe is known, for exampTe, about the interreTationship of
certain substances, and the existing objectives do not refTect such reTation-
ships.) The Commission reads these objectives as essentiaTTy synonymous with
the Reference Group's "degraded" c1assification.
Where water quaTity does not meet the objectives, the Agreement dictates
that remediai programs be defined and impTemented. To address this provision,
water quaTity conditions and concentrations of poTTutants or contaminants in
sediment, fish, and aquatic Tife must be compared with these objectives. This
weTT understood management process is being utiTized in response to those
instances of poiiution in the Upper Lakes described in Chapters 5 and 6.
Through impiementation of recommended remediaT measures, improvement in water
quaTity can be expected.
ATthough the Reference Group's study has shown that Tocaiized vioTations
of water quaiity objectives occur, for which remediaT programs are needed, the
Commission conciudes that, overaTT, the waters of Lake Superior and Lake Huron
remain of high quaTity and that, in genera], the waters are not polTuted and
the bioiogicai community is heaTthy.
GeneraTTy, the water quaTity is better
than that prescribed by the water quaTity objectives given in the 1978 Agree-
ment, and is aiso better than the vaTues given in present jurisdictionai
standards, criteria, and guideTines.
  
Anticipating that this conclusion might be reached, the Governments made
their intent clear in the 1978 Agreement, to recognize the need to maintain
such existing high-quality water, by the following provision:
Notwithstanding the adoption of Specific Objectives,
all reasonable and practicable measures shall be taken
to maintain or improve the existing water quality in
those areas of the boundary waters of the Great Lakes
System where such water quality is better than that
prescribed by the Specific Objectives, and in those
areas having outstanding natural resource value.
The Commission concurs with this provision and believes that water quality
management in the Upper Lakes must be predicated on maintaining the present
high quality of the water and, as far as possible, enhancing such quality
rather than responding only to identified problems.
However, consistent with
the provision that "all reasonable and practicable measures shall be taken",
the Commission concludes that nondegradation does not mean the prohibition of
inputs of all substances which may be considered to degrade water quality from
natural conditions.
The Commission believes, however, that any inputs must be
rigidly assessed and controlled to ensure that they are readily degradable,
are non-toxic, do not pose any long-term sub-lethal danger, are non-accumula-
tive
in biota,
and whose effects
on the
lakes are not
irreversible.
Where
doubt exists as the effects which a discharge .may exert, and a reasonable
analysis
indicates
the need for
caution,
Governments
are urged to take the
prudent
course
in
applying
these
limitations.
Further,
the
Commission
emphasizes
that
in no case
should
such
inputs
violate
the general
or specific
water quality objectives
set out in the 1978 Agreement.
With the adoption of these limitations as unalterable conditions to be met
in the
Upper
Lakes,
the
Commission
believes
that
the
preservation
of
all
functional water values, present and future, can be realized, consistent with
the nondegradation policy as reflected by Governments in the 1978 Agreement.
It is the Commission’s view that the adoption of the foregoing conditions
or principles,
to be
observed
in the
implementation
of
water
quality
manage-
ment practices,
is mandatory because of the risks associated with many sub-
stances discharged into the Upper Lakes System:
1.
Many
pollutants
(e.g.
persistent
synthetic
organic
compounds)
have
demonstrable
adverse
health
and
environmental
effects
at
concen-
trations
higher
than
those
found
in
the
waters
of
the
Upper
Lakes;
however,
the effects
at both
the present
rates
of
input
and
the
concentrations
presently
found
in the
ecosystem
are
not
known.
2.
Some
substances
may
bioaccumulate
in
fish
and
could
also
result
in
increased human
health and environmental hazards.
3.
For some materials
(e.g.
metals
in sediments)
natural
baseline
levels
are
higher
than
levels
found
in
other
lakes.
4.
The
full
effects of
waste
inputs
on
nearshore
water
quality
are
not
understood.
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5. The effects of changes in nearshore water quality on open water
quality are not known because nearshore/offshore exchange processes
are not defined.
6. The Upper Lakes may not be in equilibrium with present waste
loadings; this lag in response time means that the potential
consequences of a discharge will not become known immediately and
irreversible damage may occur.
7. Conservative management is required because assessments are often
based on average conditions; seasonal or geographic conditions may
mean that maximum concentrations are Considerably different from the
stated average.
ACHIEVEMENT OF NONDEGRADATION
The Commission concludes that nondegradation, as defined and limited
above, can be achieved while accommodating population growth and economic
development. However, to ensure that the principles of nondegradation are not
violated, careful consideration will have to be given to the nature and
quantity of each substance to be discharged, its pathways to and in the water,
and the concentrations and quantities currently present.
For pollutants which reach the water from point-source municipal and
industrial discharges, the Commission endorses the concept of zero point—
source discharge as an ultimate goal. The Commission believes it important,
for the long—run preservation of the unique values of the Upper Lakes, that
this goal be constantly a guiding principle so that any point sources are seen
as deviations to be eliminated in the long term and minimized in the short
term. The Commission recognizes the difficulty or, indeed, the impractic-
ability of achieving this goal in the short term, considering the limitations
of present waste treatment and control technology. These limitations notwith-
standing, the Commission believes that in waters of a quality better than the
objective level, nondegradation, as described_ in the foregoing, can be
achieved and at the same time ensure that the measures taken are "reasonable
and practicable”, through the application of an offset policy. An offset
policy would permit growth without adverse effect on water quality by main-
taining or decreasing the net input of pollutants to the affected receiving
water through a reduction of the amounts presently being discharged. In
framing this concept, the Commission has not addressed the question of load
allocations among jurisdictions. The result would be similar to the Reference
Group's recommendation that there be no net increase of phosphorus input to
the Upper Lakes.
This offset policy would only apply to those substances which are
biodegradable, non-toxic, and non-cumulative. With respect to phosphorus,
although build—up of phosphorus will occur in sediments, there is a vast
margin in the open lakes before increases would cause any problems. Therefore,
the Commission recommends that jurisdictions applying best practicable tech-
nology, as it develops, to phosphorus removal be permitted offset reductions
below target levels to accommodate new growth and development. These offset
reductions could be achieved through the development of alternative production
processes or through the application of more effective waste treatment and
control technology. The policy, in any case, would permit future discharges
only to the extent of the capacity of the receiving waters to accommodate such
discharges without altering existing water quality.
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It must be clearly understood that for toxic and hazardous materials, such
as PCB's, DDT, and mercury, nondegradation can only be achieved by allowing no
discharge to the environment. For such persistent materials which only slowly
degrade, which bioaccumulate, or whose fate in the ecosystem is unknown, the
ability of the receiving water to assimilate the pollutant is relatively low
and effects from the discharge could, in the extreme, be irreversible. For
those persistent toxic substances, the only way to avoid degradation is to
completely prohibit their entry into the water system, insofar as inputs can
be determined. Manufacture, distribution, and use of these materials must be
carefully monitored to prevent their escape into the environment.
The goal is to achieve a minimum discharge of municipal and industrial
waste to the environment through the use of best available technology.
This discussion does not deal with areas presently in violation of Water
Quality Agreement objectives. The Commission's recommendations to bring these
areas into compliance is provided in the answer to Reference Question 3. The
Commission recommends that Governments decide whether they wish to achieve and
maintain a water quality higher than the objectives in these areas. The non—
degradation policy stated above can be implemented in those areas when the
levels so determined have been achieved.
EDUCATION AND PUBLIC ATTITUDES
To better ensure that the present high quality of the Upper Lakes will be
maintained, changes in attitudes and perceptions about our environment as a
fragile, non—recoverable resource must occur at all levels of society. The
vehicles to accomplish this are education and public involvement.
Both short- and long—term education programs are required to both
enlighten and change traditional concepts or misconceptions about the
environment. A sustained, adequately funded, multi-level program must be
encouraged. Schools can keep such a program going; other organizations can
maintain the interest of those reached.
The intent of this educational process is, then, to reach the various
segments of society and to create an awareness. An informed public would be
able to better assess the consequences of alternative decisions, make value
judgments, and reach a consensus about what can or should be achieved to
satisfy the majority social interests. Society as a whole must be involved in
the planning and decision-making processes, Inot just those segments with a
visible vested interest. '
In the hearing process, the Commission found a public perception that
industrial attitudes toward the enVironment range from a belief in the right
to pollute to that of exerting maximum efforts to minimize environmental
effects. The former public view was considered more evident in the Upper
Lakes Basin. Although many industries are striving toward a genuine
good—corporate-citizen image within the present systems, a more positive
interface with both government and the public is required, perhaps with more
visibility for industry's environmental activities.
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TECHNOLOGICAL DEVELOPMENT
A significant effort must be made by all sectors of society to develop new
and innovative production, treatment, and waste disposal or recovery technol—
ogies, if there is to be continued economic and population growth in the Upper
Lakes Basin while simultaneously meeting the goal of maintaining the existing
water quality of the lakes. The Reference Group reported that with the
application of new technology the estimated future investments in treatment
plants and equipment may not be greater than existing levels and that loadings
might actually decrease.
The Commission perceives the role of the Governments to be one of encou-
raging and coordinating development and implementation of these measures.
Governments are in a positon to influence 'technological development by
providing subsidies or tax incentives, setting strict effluent limitations,
and requiring or encouraging resource recovery and recycling.
INFORMATION REQUIREMENTS ' ,
Lack of scientific knowledge about the Upper Lakes System may be the
limiting factor in many instances for maintaining the integrity of the eco-
system. The Reference Group noted, and the Commission concurs, that there are
many gaps in the understanding of the Upper Lakes System. If properly
addressed, research efforts would provide essential information for proper
management of the lakes. Areas requiring further study are summarized below.
A greater understanding is required of the effects of mixtures of com-
pounds, whether synergistic, additive, or antagonistic. Furthermore, the
ecological and health effects of the synthetic organic compounds identified by
the Reference Group in Upper Lakes fish should be determined. Mechanisms to
predict which substances have the potential to be harmful to man and the
environment need to be developed.
Water quality models need to be developed and nearshore/offshore exchange
processes understood for the Upper Lakes, in order to better and more
efficiently predict their capacities to assimilate nutrients, organics, and
metals; and in order to understand and project changes in the ecosystem
quality with changes in loading, population, economic growth, production and
treatment technology, and public and legislative attitudes.
The impact of sediment—associated contaminants on water quality and on
biota requires additional investigation.
There is a need to refine present municipal, industrial, erosion,
tributary, and atmospheric loading estimates, and to maintain intensive
monitoring of major inputs to nearshore areas, so that increases in loading
can be quickly identified as to source, and measures to reduce the inputs
implemented where necessary.
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8. RECOMMENDATIONS
The Reference Group made a number of recommendations to the Commission;
these are included as Appendix D to this report.
Based on its consideration of the Reference Group's report and recommenda—
tions,
and the Commission's public hearings,
in response to the Reference
dated April 15, 1972, from the Governments of Canada and the United States,
the International Joint Commission recommends that:
1.
To correct the point-source pollution problems identified in this
report and summarized in Table 9, and to achieve water quality
objectives, appropriate remedial measures be.implemented as soon as
possible.
Surveillance be maintained to assess the receiving waters and the
open waters of the Upper Lakes in order to determine trends in, and
to ensure protection of the water quality of the Upper Lakes.
Where sources of pollution have not been identified, the Governments
undertake the necessary investigative studies, and develop and
implement remedial measures.
The Governments adopt as policy for Lake Huron and Lake Superior the
philosophy of nondegradation proposed by the Commission. Inherent in
the adoption of this policy to achieve the goals of nondegradation is
the obligation to: develop the scientific and technical information
base required for proper management; encourage development of new and
innovative manufacturing and waste treatment technology; encourage
public education and involvement in long-range planning and in the
decision-making process; and encourage industrial participation.
To restore degraded areas of the Upper Lakes to a inore desirable
trophic state and to prevent potential future problems, phosphorus
loadings be reduced by reducing the phosphorus concentration in all
municipal and industrial discharges to 1.0 mg/L and lower where local
conditions require, and by limiting the allowable phosphorus content
of all detergents to not more than 0.5% phosphorus by weight.
To maintain desirable water quality in the Upper Lakes and to achieve
nondegradation, while accommodating growth and development, the
Governments should consider an offset policy which would require more
stringent point source controls to ensure that loadings from point
sources do not increase with growth. Further, Governments should
apply such measures to control pollution from nonpoint land sources
as shall appear in the Commission's forthcoming report on the study
conducted by the Pollution from Land Use Activities Reference Group.
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10.
11.
12.
13.
14.
15.
For the particular metals in the locations cited in this report as
exhibiting high concentrations in either the water, sediment, or
fish, no further inputs be allowed to those areas unless the dis-
charger can show no consequences to health and property.
and to achieve non—
sale, transport,
To protect human health and aquatic life,
degradation, the Governments ban the manufacture,
and use of PCB's, PBB's, aldrin, dieldrin, DDT and its derivatives,
and all other persistent synthetic organic compounds with known
highly toxic effects, the use of which will result in their entry
into the environment. The manufacture, sale, transport, and use of
all other persistent synthetic organic compounds with known delete-
rious effects be strictly regulated to prevent their entry into the
environment.
Predictive methodology be developed and applied to determine the
health and environmental effects of other compounds presently in use
or detected in the ecosystem, and the uses of such compounds mini-
mized, pending such determination. Furthermore, the introduction of
new compounds not be approved until the producer demonstrates that
such compounds will not harm man or the environment. To enhance the
efficiency of the process and in light of the mobility of the
substances, the Governments should establish a cooperative testing
and evaluation program and mutually agreeable standards for deter-
mining toxicity.
Governments address the issue of the effects of the atmosphere on the
water quality of the Great Lakes. Consideration should be given to
sources, composition, transport, deposition, and effects of atmos-
pheric constituents on the Great Lakes and its watershed. Emphasis
should be placed on nutrients, metals, synthetic organic compounds,
and acid.
Governments complete research into the effects of asbestos fibre
size, shape, and concentration on all biological forms in the Upper
Lakes, especially when ingested by man. A drinking water standard
for asbestos should be established as soon as possible.
Governments provide post-spill monitoring to determine the nature and
character of the material spilled and the long-term environmental
effects of the spills and cleanup operations, and to improve response
measures and recovery technology.
conducted for
Comprehensive environmental assessment studies be
thermal discharges to the Upper Lakes.
Particular emphasis be given to the design and location of water
intake and discharge structures to minimize the entrainment of fish
and fish larvae.
Governments expedite their consideration of the development of
compatible regulations for the control of spills and discharges from
vessels, in keeping with the provisions of Annexes 4 and 5 of the
1978 Water Quality Agreement.
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APPENDIX A
TEXT OF REFERENCE TO THE INTERNATIONAL JOINT COMMISSION
TO
STU
DY
POL
LUT
ION
PRO
BLE
MS
OF
LAK
E H
URO
N A
ND
LAK
E S
UPE
RIO
R
I ha
ve
the
hono
ur t
o i
nfor
m yo
u t
hat
the
Gove
rnme
nts
of t
he U
nite
d S
tate
s
of
Ame
ric
a a
nd
Can
ada
, p
urs
uan
t t
o A
rti
cIe
IX
of
the
Bou
nda
ry
Wat
ers
Tre
aty
of
1909
, h
ave
agre
ed
to
requ
est
the
Inte
rnat
iona
I J
oint
Comm
issi
on
to c
ondu
ct
a
stu
dy
of
wat
er
qua
Iit
y i
n L
ake
Hur
on
and
Lak
e S
upe
rio
r,
in
the
Tigh
t o
f t
he
prov
isio
n o
f Ar
ticI
e I
V of
the
Trea
ty w
hich
prov
ides
that
the
boun
dary
wate
rs
and
wate
rs r
owi
ng
acro
ss
the
boun
dary
shaI
I n
ot b
e po
IIut
ed o
n ei
ther
side
to
the
inju
ry
of h
eaIt
h an
d p
rope
rty
on t
he o
ther
side
, a
nd i
n th
e I
ight
aIso
of
the
Grea
t L
akes
Wate
r Q
uaIi
ty
Agre
emen
t s
igne
d o
n t
his
date
.
This
refe
renc
e
represents the response of the two Governments to recommendation No. 20 of the
Com
mis
sio
n i
n i
ts
fina
I r
epo
rt
dat
ed
Dec
emb
er
9,
197
0,
on
poI
Iut
ion
of
Lak
e
Erie, Lake Ontario, and the InternationaI Section of the St. Lawrence River.
The
Comm
issi
on
is
requ
este
d t
o e
nqui
re
into
and
to
repo
rt
to
the
two
Governments upon the foIIowing questions:
(1) Are the waters of Lake Superior and Lake Huron being
poIIuted on either side of the boundary to an extent (a)
which is causing or is Iiker to cause injury to heaIth or
property on the other side of the boundary; or (b) which is
causing, or Iiker to cause, a degradation of existing
IeveIs of water quaIity in these two Iakes or in downstream
portions of the Great Lakes System?
(2) If the foregoing questions are answered in the affirmative,
to what extent, by what causes, and in what IocaIities is
such poIIution taking pIace?
(3)
If
the
Com
mis
sio
n
sho
uId
fin
d
tha
t
poI
Iut
ion
of
the
cha
rac
ter
jus
t r
efe
rre
d t
o i
s t
aki
ng
pIa
ce,
wha
t r
eme
dia
I
measures wouId, in its judgement, be most practicabIe to
restore and protect the quaIity of the waters, and what
wouId be the probabIe cost?
(4)
In
the
eve
nt
tha
t t
he
Com
mis
sio
n s
hou
Id
fin
d t
hat
Iit
tIe
or
no
poI
Iut
ion
of
the
cha
rac
ter
ref
err
ed
to
is
tak
ing
pIa
ce
at the present time, what preventive measures wouId, in its
judgement, be most practicabIe to ensure that such
poI
Iut
ion
does
not
occ
ur
in
the
fut
ure
and
wha
t w
ouI
d b
e
the probabIe cost?
The
Gove
rnme
nts
wouI
d w
eIco
me
the
reco
mmen
dati
ons
of
the
Comm
issi
on
with
respect to the generaI and specific water quaIity objectives that shouId be
estainshed for these Takes, and the programs and measures that are required
in the two countries in order to achieve and maintain these water quaIity
objectives.
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The Commission should submit its report and recommendations to the two
Governments as soon as possible and should submit reports from time to time on
the progress of its investigation.
In the conduct of its investigation, the Commission is requested to
include consideration of pollution entering Lake Huron and Lake Superior from
tributary waters, including Lake Michigan, which affects water quality in the
two lakes, and to enquire into and report on the upstream sources of such
pollution.
The Commission may utilize the services of qualified persons and
other resources made available by water management agencies in Canada and the
United States and should as far as possible make use of information and tech-
nical data heretofore acquired or which may become available during the course
of the investigation, including information and data acquired by the Commis-
sion in the course of its investigations and surveillance activities conducted
on the lower Great Lakes and in the connecting channels.
In conducting
its
investigation,
the Commission
should utilize
the
services of the international board structure provided for in Article VII of
the Great Lakes Water Quality Agreement.
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 APPENDIX B
MEMBERSHIP OF THE UPPER LAKES REFERENCE GROUP
AND ITS COMMITTEES
The International Joint Commission appointed the Upper Lakes Reference
Group in November 1972. When the Reference Group submitted its report to the
Commission in July 1976, the membership of the Reference Group consisted of
the following:
UPPER LAKES REFERENCE GROUP
UNITED STATES MEMBERS
C. M. Timm, Director, Surveillance and Analysis Division,
U.S. Environmental Protection Agency, Region V; U.S. Chairman.
L. J. Breimhurst, Director, Division of Water Quality, Minnesota
Pollution Control Agency.
Dr. J. F. Carr, National Marine Fisheries Service, National Oceanic
and Atmospheric Administration.
w. E. McCracken, Chief, Comprehensive Studies Section, Michigan Department
of Natural Resources.
F. H. Schraufnagel, Director, Bureau of Standards and Surveys, Wisconsin
Department of Natural Resources.
N. A. Thomas, Chief, Large Lakes Program, U.S. Environmental Protection
Agency.
w. A. Willford, Great Lakes Fishery Laboratory, U.S. Fish and Wildlife
Service.
CANADIAN MEMBERS
Dr. G. K. Rodgers, Chief, Applied Research Division, Canada Centre for
Inland Waters, Canada Department of the Environment,
Canadian Chairman.
R. M. Gale, Inland Waters Directorate, Canada Department of the
Environment.
J. D. Kinkead, Head, Great Lakes Surveys Unit, Ontario Ministry of the
Environment.
A. H. Lawrie, Fish and Wildlife Research Branch, Ontario Ministry of
Natural Resources.
Dr. K. Patalas, Freshwater Institute, Canada Department of the Environment.
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S. E. Salbach, Supervisor, Planning and Coordination Section, Ontario
Ministry of the Environment.
G. L. Van Fleet, Pollution Control Branch, Ontario Ministry of the
Environment.
The Reference Group established a number of committees and work groups.
When the Reference Group submitted its report to the Commission, the
committees and work groups consisted of the following members:
COORDINATING COMMITTEE
UNITED STATES MEMBERS
N. A. Thomas, U.S. Environmental Protection Agency, Co-Chairman.
K. E. Bremer, U.S. Environmental Protection Agency.
A. G. Kizlauskas, U.S. Environmental Protection Agency.
w. E. McCracken, Michigan Department of Natural Resources.
E. Pinkstaff, U.S. Environmental Protection Agency.
CANADIAN MEMBERS
. Salbach, Ontario Ministry of the Environment, Co-Chairman.
. H. Batteke, Canada Department of the Environment.
. Elder, Canada Department of the Environment.
. Van Fleet, Ontario Ministry of the Environment.
. Schmidt, Canada Department of the Environment.
WORK GROUP A
UNITED STATES MEMBERS
. Pinkstaff, U.S. Environmental Protection Agency, Co—Chairman.
. E. Davis, Minnesota Pollution Control Agency.
. Johnson, Michigan Department of Natural Resources.
. Oghalai, Wisconsin Department of Natural Resources.
CANADIAN MEMBERS
. H. Batteke, Canada Department of the Environment, Co—Chairman.
. Lawrie, Ontario Ministry of Natural Resources.
. Ostry, Ontario Ministry of the Environment.
. . Phillips, Canada Department of the Environment.
. Pirie, Ontario Ministry of the Environment.
. Yee, Canada Department of the Environment.
WORK GROUP B
UNITED STATES MEMBERS
A. G. Kizlauskas, U.S. Environmental Protection Agency, Co-Chairman.
J. K. Crawford, U.S. Environmental Protection Agency.
 T. T. Davies, U.S. Environmental Protection Agency.
C. V. Marion, U.S. Environmental Protection Agency.
A. P. Pinsak, National Oceanic and Atmospheric Administration.
J. Saylor, National Oceanic and Atmospheric Administration.
W. A. Willford, U.S. Fish and Wildlife Service.
CANADIAN MEMBERS
F. C. Elder, Canada Department of the Environment, Co-Chairman.
E. 8. Bennett, Canada Department of the Environment.
J. D. Kinkead, Ontario Ministry of the Environment.
A. H. Lawrie, Ontario Ministry of Natural Resources.
V. E. Niemela, Canada Department of the Environment.
M. D. Palmer, Ontario Ministry of the Environment.
K. Pa alas, Canada Department of the Environment.
S. S. Rao, Canada Department of the Environment.
W. M. J. Strachan, Canada Department of the Environment.
R. L. Thomas, Canada Department of the Environment.
N. D. Warry, Canada Department of the Environment. -
N. Watson, Canada Department of the Environment.
UNITED
D
W
I
—
s
z
WORK GROUP C
STATES MEMBERS
E. McCracken, Michigan Department of Natural Resources, Co-Chairman.
Buda, Michigan Department of Natural Resources.
D. Mullin, U.S. Environmental Protection Agency.
R. Peissig, Minnesota Pollution Control Agency.
H. Schraufnagel, Wisconsin Department of Natural Resources.
Swanson, Michigan Department of Natural Resources.
CANADIAN MEMBERS
U
U
Z
F
'
J
U
t
—
«
(
D
'
T
I
C
—
a
m
u
n
t
o
-
0
.
.
.
.
UNITED
Q
Q
M
E
Z
‘
D
I
O
C
L. Van Fleet, Ontario Ministry of the Environment, Co-Chairman.
Archer, Ontario Ministry of the Environment.
C. Elder, Canada Department of the Environment.
Monroe, Canada Department of the Environment.
Ramsay, Ontario Ministry of the Environment.
A. Ryder, Ontario Ministry of Natural Resources.
Shenfeld, Ontario Ministry of the Environment.
Shiomi, Canada Department of the Environment.
Terry, Ontario Ministry_of the Environment.
M. Whelpdale, Canada Department of the Environment.
WORK GROUP D
STATES MEMBERS
A. Thomas, U.S. Environmental Protection Agency, Co-Chairman.
D. Johnson, U.S. Environmental Protection Agency.
J. Kleinert, Wisconsin Department of Natural Resources.
Pegors, Minnesota Pollution Control Agency.
Robinson, Michigan Department of Natural Resources.
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 CANADIAN
S. E.
M. G.
J. D.
V. E.
J. A.
UNITED
D. A.
D. J.
R. E.
J. M.
M. D.
J. H.
M. S.
CANADIAN
K. I.
F. P.
D. E.
F. J.
MEMBERS
Saibach,
Ontario
Ministry
of
the_Environment,
Co-Chairman.
Johnson,
Canada
Department
of
the
Environment.
Kinkead,
Ontario
Ministry
of
the
Environment.
Niemeia,
Canada
Department
of
the
Environment.
Reckahn,
Ontario
Ministry
of
Naturai
Resources.
COMMITTEE FOR DATA QUALITY
STATES MEMBERS
Payne,
U.S.
Environmentai
Protection
Agency,
Chairman.
Dube,
Wisconsin
Department
of
Naturai
Resources.
Frazier,
Minnesota
Department
of
Heaith.
Maiczyk,
Nationai
Oceanic
and
Atmospheric
Administration.
Muiiin,
U.S.
Environmentai
Protection
Agency.
Peck,
Michigan
Department
of
Natural
Resources.
Simmons, University of Michigan.
MEMBERS
Aspiia,
Canada
Department
of
the
EnvirOnment.
Dieken,
Ontario
Ministry
of
the
Environment.
King,
Ontario
Ministry
of
the
Environment.
Phiibert,
Canada
Department
of
the
Environment.
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 APPENDIX C
PERSONS PRESENTING BRIEFS OR TESTIMONY
AT THE COMMISSION’S PUBLIC HEARINGS
ON THE UPPER LAKES REFERENCE
December 5, 1972 at Thunder Bay, Ontario
Agnes Wilson for the Anti-Pollution Group of the Lakehead
Lori Chaboyer and Crystal Matchett for their class at Algonquin School
Ted Major, Magnavox Company
Carl Rose
Roger Pinkonski for the Northwestern Ontario Conservation Federation
Norman Richard for the Sudbury and Thunder Bay District Council, Ontario
Federation of Labour
Jean Paul St. Jacques
Clifford Wahl for the Northwestern Ontario Communist Party
Robert Costello, Abitibi Paper Company Ltd.
Gordon Allen, Great Lakes Paper Company
Ed Fride, Reserve Mining Company
Miss Copps
Richard Martin for the Damn the Dams Campaign
W. D. Addison
J. David Bates
Peter Globensky
David Caverly, Ontario Ministry of the Environment
Dr. Ellis. Canadian Forestry Service
Sydney Pettit
P. Stennett
John Poleschuk for the Great Lakes Athletic Association Conservation Club
Thunder Bay Field Naturalists Club
C. Kastan
December 7, 1972 at Duluth, Minnesota
Philip A. Hart, United States Senate
Philip E. Ruppe, United States House of Representatives
Robert Peterson for the Minnesota State Community Action Program Council,
United Auto Workers
Arlene Lehto for the Save Lake Superior Association
Martha Reynolds for the West Michigan Environmental Action Council
500 Ecology Club
Mrs. Kenneth Wiele for the Range Wilderness League and the Northern
Michigan Wilderness Coalition
Philip Doepke for Northern Michigan University and for Citizens to Save the
Superior Shoreline
Steve Rose for the Community Action Program Council of Delta County, United
Auto Workers
Kenneth Rathje for the Michigan United Auto Workers Community Action
Program Council
Mr. Stoddard for the Northern Environmental Council
Wayne Johnson, Attorney for the Village of Silver Bay and for the Village
of Beaver Bay
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Lovell Richie, Minnesota Pollution Control Agency
Bruce Wallace, U.S. Army, Corps of Engineers
Gene Roach for Local 5296, United Steel Workers
Ed Fride, Reserve Mining Company
Francis Mayo, U.S. Environmental Protection Agency
William Steggles, Ontario Ministry of the EnVironment
January 8, 1973 at Bay City, Michigan
Gary E. Guenther, Michigan Water Resources Commission
Jim
Dooley,
Michigan
Water
Resources
Comnission
Pearl C. Servais
Willard
Ashmore,
Saginaw-Midland
Water
Supply
System
Ezra Monroe, Saginaw Valley College
Conrad O. Kleveno,
U.S.
Environmental
Protection Agency
Robert
K.
Lane,
Canada
Centre
for
Inland
Waters
January
22,
1973
at
Sault
Ste.
Marie,
Ontario
Allan A. Jackson for the Pollution Control
Association of Ontario
R.
E.
Costello,
Abitibi
Paper
Company
A. C. Ruggles, Algoma Health Unit
Donald
R.
Evans,
City
of
Sault
Ste.
Marie,
Ontario
David S. Caverly,
Ontario Ministry of the Environment
Albert J. Smith
January 24, 1973 at London, Ontario
Peter Lewington for Save the Medway
David S.
Caverly,
Ontario Ministry of the Environment
J.
Robinson,
University
of
Western
Ontario
R. W. Packer for Save the Medway
City of Sarnia
June 20—21, 1977 at Superior, Wisconsin
Gary Glass
William
A.
Swenson,
University
of
Wisconsin
-
Superior
Aldon
Lind
for
the
Save
Lake
Superior
Association
Karen
Carlson
for
the
Save
Lake Superior
Association
Betty
Hetzel
for
the
League
of
Women
Voters,
Superior
June 22, 1977 at Thunder Bay, Ontario
Roger Andrew
Mrs. McEwan
Richard Hiner
Ken Tilson for HOPE
T. Miyata for Hydroprobe
Norman
Richard
for
the
Thunder
Bay
and
DiStrict
Labour
Council
Philip
Hurcomb
for
the
Dominion
Marine
Association
Robert
Hamilton,
Ontario
Ministry
of
Natural
Resources
L. Siebenmann for Hydroprobe
 June 23, 1977 at Hougton, Michigan
 
Robert T. Brown
Grace Marie Knapp
Kenneth Kraft
Stephen Nordang, Michigan Technological University
Barbara Clark for the Upper Peninsula Environmental Coalition
Emil Groth for the Upper Peninsula Federation of Landowners
Donald L. Macalady for Citizens to Save the Superior Shoreline
Julia Tibbitts for Superior Public Rights, Inc.
C. K. Lawrence, Homestake Copper Company
Lynn Sandberg, Mead Publishing Paper Division
Robert R. Raisanen, Upper Peninsula Power Company
John Suffron, Copper Range Company
July 12, 1977 at Sault Ste. Marie, Ontario
James w. Arthur
N. H. Sloane
B. Rasaiah
Gale Gleason
w. Sarich for Air Probe
Peter Allen, Sault Ste. Marie Regional Conservation Authority
Donald Redmond, City of Sault Ste. Marie, Ontario
Clarence Dungey for the Sault Ste. Marie Labour Council
July 13, 1977 at Collingwood, Ontario
Ray Mickeviuus, Town of Wasaga Beach
Mary E. Graham
R. E. Murray for Great Lakes Tomorrow
John R. Poste for the Blue Mountain Club of the Bruce Trail Association
John P. Gorman
July 14, 1977 at Saginaw, Michigan
wayne Schmidt for the Michigan United Conservation Clubs
Nicki Habeland for the League of Women Voters, Bay County
Scott E. Coleridge, FMC Corp.
Stacey L. Daniels, Dow Chemical Company
Jim Sygo, East Central Michigan Planning and Development Region
In addition to the above, several written statements were submitted
through the mail, subsequent to the hearings, by individuals or on behalf of
organizations.
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APPENDIX D
RECOMMENDATIONS
UPPER LAKES REFERENCE GROUP
ENRICHMENT
CORRECTION OF EXISTING PROBLEMS (REFERENCE QUESTIONS 1. 2, AND 3)
The Reference Group recommends:
1.
programs in the
Michigan ensure that the point source remedial
to reduce theSaginaw Bay Basin are completed by December 1978,
annual phosphorus load by 600 t/a.
Wisconsin and Minnesota ensure that the point source remedial prog—
rams in the Duluth—Superior Harbor area are completed by December
1978, to reduce the annual phosphorus load by 160 t/a.
The condition of Saginaw Bay and of Duluth-Superior Harbor be re—
examined upon implementation Of the phosphorus removal programs to
determine if additional load reductions are needed.
The identification and control of the sources of phosphorus con-
tributing to the problems in the Goderich area.
Surveillance be maintained at Penetang Bay, Midland Bay, and Colling-
wood Harbour to determine whether improvements are occurring as
expected or whether additional remedial programs are warranted.
NONDEGRADATION (REFERENCE OUESTION 4)
The Reference Group recommends:
6.
The phosphorus concentration in all municipal and industrial dis-
charges be reduced to 1.0 mg/L or less as soon as possible.
The allowable phosphorus content of all detergents be limited to not
more than 0.5% phosphorus by weight.
All practicable measures be taken to reduce phosphorus loadings from
land use and nonpoint sources.
PUBLIC HEALTH MICROBIOLOGY
The Reference Group recommends:
{
9.
10.
The jurisdictions undertake the necessary remedial programs to bring
areas exhibiting bacteriological water quality degradation into
compliance with the Water Quality Agreement objectives.
New microbiological objectives be established and standard measure-
ment methods be developed.
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METALS
The Reference Group recommends:
11.
12.
13.
14.
15.
16.
There be no increase allowed for inputs of any metals to the Upper
Lakes.
Mercury discharges from the American Can of Canada, Ltd. chlor—alkali
plant at Marathon be eliminated by December 1978 as scheduled, and
any other sources identified in the future also be eliminated.
iron and zinc discharges from Algoma
Ontario should be developed and
Remedial programs to reduce
Steel Co. at Sault Ste. Marie,
implemented as soon as possible.
The metals input fr0m atmospheric sources be quantified and the
maximum possible reductions be made as soon as possible.
The Governments monitor the unexplained high arsenic content in Lake
Huron chubs and take the necessary measures to prevent worsening
conditions.
The Governments monitor
sediments and in water,
worsening conditions.
the identified high metals content in
and take the necessary measures to prevent
ORGANIC CONTAMINANTS
TOXIC ORGANICS
The Reference Group recommends:
17.
18.
19.
20.
A total ban on the manufacture,
sale, transport,
and use of PCB's,
aldrin, dieldrin, and DDT and its derivatives.
That
for
lindane,
chlorobenzene
compounds,
chlordane,
octachloro-
styrene,
and
other
man-made
organics
such
as
halogenated
hydro-
carbons,
an accelerated program be initiated to evaluate effects on
human health and biota, to establish a better basis for criteria, and
to develop remedial programs as needed.
Until the effects are fully
understood there
should be no
increased manufacture,
use,
or dis-
charge of these compounds.
Environmental
and
health
effects
be
fully
evaluated
before
new
organic compounds are produced, distributed, or used.
The
Governments
immediately
implement
programs
to minimize
pesticide
use, as recommended in the Early Action Program Report of March 1974,
prepared by the Pollution
from Land Use Activities Reference Group.
TASTE AND ODOUR COMPOUNDS
The Reference Group recommends:
21.
Appropriate
remedial
measures
be
taken
to
eliminate
the
remaining
taste and odour problems at Thunder Bay, Marathon, Jackfish Bay, and
the
mouth
of
the
Spanish
River,
caused
by pulp
and
paper mills.
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Governments ensure that the waste treatment facilities for Algoma
Steel at Sault Ste. Marie, Ontario be completed as soon as possible
to achieve the Agreement objective for phenolic substances.
23. Governments ensure that appropriate measures be taken at Sault Ste.
Marie, Ontario to reduce the present phenolic discharges from the
sewage collection and treatment facilities so as to achieve the
Agreement objective for phenolic substances byDecember 1978.
ASBESTOS
The Reference Group recommends:
24. Reserve Mining Company immediately cease discharging tailings, which
contain asbestiform fibres, to Lake Superior.
25. The erosion and further asbestos loading from the tailings delta at
Silver Bay, Minnesota be minimized.
26.
The Governments immediately establish a drinking water standard for
asbestos. ‘
27. The IJC develop and recommend to Governments a water quality objec—
tive for asbestos.
28. The Governments intensify their support of research on the effects of
fibre size, shape, and concentration on the health of all biological
forms in the Upper Lakes especially man.
29.
That
the surveillance
program for
Lake Superior
include monitoring
the changes in asbestos concentration subsequent to the cessation of
the Reserve Mining Company discharge.
RADIOACTIVITY
The Reference Group recommends:
30.
31.
The adequacy of present programs be assessed and,
if needed,
addi-
tional abatement measures be implemented in the Elliot Lake area to
achieve compliance with the Ontario drinking water criteria.
The
jurisdictions
initiate
without
delay
the
surveillance
plan
prepared by
the Radioactivity Subcommittee and incorporated into the
Great Lakes surveillance plan
developed by the Surveillance Subcom-
mittee, in order to ascertain that changes in radioactivity occur as
predicted and that no localized increase in concentration occurs.
DREDGING
The Reference Group recommends:
32.
  
The
Governments
act
upon
the
recommendations
of the
International
Working Group on the Abatement and Control of Pollution from Dredging
Activities,
leading
to
the
development
and adoption
of compatible
regulations
for
dredging
and
dredge
spoil
disposal
that
fully
consider
the
short-
and
long-term
effects.
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 VESSEL WASTES
The Reference Group recommends:
33.
34.
35.
SPILLS
Existing and proposed vessel waste regulations be amended to prohibit
disc
harg
es
of p
erso
nal
wast
es
from
all
vess
els
into
Lake
s H
uron
and
Superior or into any of its harbours or embayments. Major ports
shou
ld
be
requ
ired
to
prov
ide
adeq
uate
pump
out
faci
liti
es
for
personal wastes.
All ocean vessels inbound to the Great Lakes be required to exchange
seawater ballast for acceptable freshwater ballast prior to entering
the Saint Lawrence Seaway.
Compatible regulations be developed and appropriate remedial programs
be instituted to abate operational and functional waste discharges.
Particular attention should be given to ocean-going vessels, self-
loading/unloading vessels, and tankers.
The Reference Group recommends:
36.
37.
38.
THERMAL
The regulatory agencies conduct post—spill studies to determine the
associated long-term environmental effects of spills and cleanup.
As a result of these studies, improvements should be made in response
measures and recovery technology.
The
info
rmat
ion
base
rega
rdin
g t
he
natu
re
and
the
char
acte
r o
f t
he
mat
eri
al
spi
lle
d b
e u
pgr
ade
d a
nd
rep
ort
ed
in
a c
omm
on
for
mat
.
The Reference Group recommends:
39.
Comprehensive environmental assessment studies be conducted for each
ther
mal
disc
harg
er
to
be
site
d o
n t
he
Uppe
r L
akes
with
part
icul
ar
emphasis given to the design of intake and discharge structures to
minimize fish and fish larvae entrainment.
ATMOSPHERIC INPUTS
The Reference Group recommends:
40.
41.
The Governments include phosphorus as an air pollution control
parameter and determine its sources.
A surveillance progrmn for atmospheric loading to the Upper Lakes,
including synthetic organics, arsenic, and mercury, be instituted.
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 WATER QUALITY AGREEMENT OBJECTIVES
The Reference Group recommends:
42.
The IJC continue to review aTT the criteria, standards, and Objec—
tives presentTy used and, where necessary, refine the present
objectives and deveTop new specific objectives for incTusion in the
Water QuaTitv Agreement; and where Tess stringent criteria are in
force, recommend the adoption of criteria at Teast as stringent as
the objectives in the Agreement.
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APPE
DJ[)|)( E5
ETRIC TERMINOLOGY AND CONVERSION FACTORS
This report emp10ys the Systeme Internationa1 d'Unites or “metric system”.
The SI units and their Engiish equiva1ents are given be10w.
SYMBOL
 
9
k9
m9
ug
n9
m3/s
pCi
NAME
gram
kilogram
miTTigram
microgram
nanogram
tonne
day
year
Titre
cubic metres per second
picocurie
EQUIVALENT
1 kg = 1039 = 2.205 pounds
1 mg = 10‘3g
1 U9 = 10‘69
1 ng = 10‘9g
1 t = 1000 kg = 2205 pounds
1 ma/s
1 pCi
91
1
!
0.2200 Canadian gaTTons
0.2642 U.S. gaTTons
35.31 cubic feet per
second
19.01 mi11ion Canadian
ga11ons per day
22.82 mi11ion U.S.
gaiions per day
0.037 nucTear dis—
integrations per second
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